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DISCLAIMER

This manual is intended for the use of Caltrans and non-Caltrans personnel on projects on the
State Highway System regardless of funding source. Engineers and agencies developing projects
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manual.

ACKNOWLEDGMENT

The information contained in this manual is a result of efforts of many individuals in the
Department of Transportation, Pavement Standards Team, Division of Design, and the
University of California, Partnered Pavement Research Center. Questions regarding this manual

should be directed to Mario Velado at (916) 227-5843 or Mario_Velado@dot.ca.gov.



Life Cycle Cost Analysis Procedures Manual November, 2007

TABLE OF CONTENTS
CHAPTER 1 - INTRODUGCTION ... .ottt sttt st 8
1.1 Purpose OF THIS IMANUAL ........ccveiiiiiiiiieee e 8
1.2 BACKGIOUNG ...tttk bbb bbbttt bbbttt n e 8
1.3 CaltrANS” POLICY...c.eitiitiiiiiii ettt bbbt 9
CHAPTER 2 - LCCA ettt st b e bt et e st e e bt e s he e e nbe e nneeebeeasee e 11
2.1 DeSIgN AITEIMALIVES. ......eetiiie ettt ne e be et nneas 12
4.1.1  Provisions for Selecting Design AREINAtIVES ..........cccoveieiiriieieiie e 12
4.1.2  Selecting Design AEINALIVES..........ocveiiiiiiiee e 15
2.2 ANAIYSIS PEITOM ...ttt ettt b e et et e et aneenneas 17
2.3 DISCOUNT RALE.......cueieete ittt bbbt bbbt e e n s 19
2.4 Maintenance and Rehabilitation SEQUENCES .........ccoouiiiriierieiie e 20
2.5 ESHIMALING COSES ....cveitieiieiiie ittt sttt sttt st be et et e et eebeesbe e e e sbeesbeeneenneas 24
2.5. 1 INTTHAI COSES ...ttt bbb nn e 25
2.5.2 MAINTENANCE COSES......eeiuiiiitieiieeeie sttt bbbttt b bbb 26
2.5.3 Rehabilitation COStS.........cviiiiiiiieie e 27
2.5.4 USEI COSES ...ttt bbbt b e 34
2.5.5 Remaining Service Life ValUe.........cccoiiiiiiiiiie e 35
2.6 Calculating Life-CyYCIe COSES. ....uuiiiiieiiiie ettt 35
CHAPTER 3 - USING REAICOST. ..ottt sttt sreas 37
T8 AV 13 g oo (o] [T |V R ATRORURTRS 37
3.2 Installing & Starting REAICOST........cceiiiiiiiie e 39
B3 PIOJECE INPULS ...ttt sttt b e b st sbeente e e e beebeaneenneas 41
IR N o (0] [=Tox B 1< - Y| SRRSO 41



Life Cycle Cost Analysis Procedures Manual November, 2007

3.3.2 ANAIYSIS OPLIONS. .....eeiiiiiieiiieiiee ettt sttt be e e b b e e teene et e e beeneenre e 43
333 THATTIC DALA......c.eceeciiiee et 45
3.3.4ValUe OF USEI THME ...t 51
3.3.6 Added Time and Vehicle Stopping COSES........ccoiiiiiririieierie e 54
3.3.7 SaVe Project-Level INPULS........couiiiiieie et 56
3.3.8 Alternative-Level INPULS ........coouiiiriieiceceeeee e et 56

3.5 INPUt Warnings and EITOS.......oouiiiiieieiie e st 69
3.6 SIMUIAtION AN OULPULS ...ttt bbb nneas 70
3.7 AAMINISLratiVe FUNCHIONS. ..o 73
CHAPTER 4 — Analyzing LCCA RESUILS .....ccuiiiiiiieiesie et 74
4.1  Status of the LCCA Procedures Manual..............ccooviiiiinininiiineeeceece s 75
4.2 REAICOST . ... ittt 75
4.2.1 Project Conditions and REAICOST .........ccccoiiiiiiiieiieeeee e 76

4.3 AQENCY AN USEE COSES....cvieiiiiieitieie ettt ste e teeste e sre e ste et e raesteeaesneesreenneanes 77
4.3.1  Limitations OF LCCA RESUILS .....coouiiiiieiiiiiieieerteees e 78
4.3.2 Comparing AgeNCY & USEI COSES........cciiuiiieiieeiesieesieesieseeseesre e e sre e e sre e 79
4.3.3  Choosing an AREINALIVE .........ccoiiiiiiiece e 80

4.4  Projects with Different Pavement Design LIVES........c.cccvevveieiieiieie e 80
REFERENGCES ... .ottt ettt b e bt et e et e be e s e et e e nnneens 81
APPENDIX 1: glossary and list Of @CrONYMS..........ccccoeiieiieiiiic e 82
APPENDIX 2: List of RealCost Limitations and BUQS..........ccccvevieiieiiiie e, 88
APPENDIX 3: Productivity estimates of typical m&r strategies.........ccccovvvrvieviveveiiieiieece e, 89
APPENDIX 4: Typical Pavement M&R Schedules for California.............ccccoocevveveiiciicnecnnn, 90
APPENDIX 5: TRAFFIC INPUTS ESTIMATION.....ociiiiiiiieeee e 126



Life Cycle Cost Analysis Procedures Manual November, 2007

APPENDIX 6: ALTERNATE PROCEDURE FOR CALCULATING CONSTRUCTION YEAR



Life Cycle Cost Analysis Procedures Manual November, 2007

LIST OF FIGURES

FIGURE 2-1: PAVEMENT CONDITION VS. YEARS .....uttiittiittiatiesiteateesseeasseesseassessineassessssesssessnnssnnes 19
FIGURE 2-2: PAVEMENT M&R SCHEDULE DETERMINATION FLOW CHART .....cvviiiiiieiieeiee e 21
FIGURE 2-3: EXAMPLE OF PAVEMENT M&R SCHEDULE ......cooiiiiiiiiieeiecie e 23
FIGURE 3-1: REALCOST SWITCHBOARD.......cctttiateeitteateesieaasteessseassesssseasseassseassesssssesseesssesnsesssnesnnes 40
FIGURE 3-2: PROJECT DETAILS PANEL ...ootiiiiiiiitieitieeiiee sttt sttt sttt ne e e e 42
FIGURE 3-3: ANALYSIS OPTIONS PANEL .....cciiiiiiieiiiiesiie sttt sttt 42
FIGURE 3-4: DESIGN DESIGNATION ....cutiiiiiiiitaitiesiieesiee sttt sttt s sieaesbeesieeesteesinaesbeessneaneesnneees 43
FIGURE 3-5: TRAFFIC DATA PANEL ...coutiitiiititeitie sttt sttt sttt e et e b nnne e 45
FIGURE 3-6: TRAFFIC INFORMATION ... .ctttttitttateeatteesteesieaesteessseassessssaasseessseassesssnsasseessneasessnneennes 46
FIGURE 3-7: VALUE OF USER TIME PANEL .....cciitiiiiiiiie ittt sttt 52

FIGURE 3-8: TRAFFIC HOURLY DISTRIBUTION PANEL WITH CALIFORNIA WEEKDAY DEFAULT

WALUES ..ttt etttk e ekt e e bt e ekt e o2kt e oA e e e e R bt e e e R e e e e R b et e R b e e e R b e e e Rn e nn e e nns 53
FIGURE 3-9: ADDED TIME AND VEHICLE STOPPING COSTS PANEL .....cceiuieiiiieiie e 54
FIGURE 3-10: TYPICAL ALTERNATIVE PANEL ( ALTERNATIVE 1 SHOWN) ...ocveivieiiiieiieeie e, 57
FIGURE 3-11: INPUT WARNINGS ....ccuteiiitiatiesiiiestee sttt e siee et sin et aene e e ne e s e beessneeneennneenns 70
FIGURE 3-12: DETERMINISTIC RESULTS PANEL ...ccutiiiiiiiieiie et 71
FIGURE 3-13: REALCOST REPORT .....utiiiiiiiiie ittt siie ettt et 72
FIGURE A4-1. MAP OF CALTRANS CLIMATE REGIONS.......coiiiiiiiiieiiieeiee et 91
FIGURE A5-1. TRAFFIC DEMAND-CAPACITY MODEL ....ccuviiiiiiiiiiiesiie st 129



Life Cycle Cost Analysis Procedures Manual November, 2007

LIST OF TABLES
TABLE 2. LCCA ANALYSIS PERIODS .......uutiieiitiieeeiitiieeeseitieeeessteeaessstaeeeessssaeessassseesessnssssesssssnseeans
TABLE 3. AGENCY PROJECT SUPPORT COST MULTIPLIERS .....ccitiieeeitiieeeeitreeeesiitreeeesnrreeeessnreneeens
TABLE 4. ESTIMATED CONSTRUCTION COSTS OF TYPICAL M&R STRATEGIES FOR FLEXIBLE
N 1=\ PP
TABLE 5A. ESTIMATED CONSTRUCTION COSTS OF TYPICAL M&R STRATEGIESFOR RIGID &
COMPOSITE PAVEMENTS.....ciittiee e ettt e e ettt e e s ettt e e e e eatteeeessataseesassaeeeesabesaeesasssseeeaasseeeessnsseneenns
TABLE 5B. ESTIMATED CONSTRUCTION COSTS OF TYPICAL M&R STRATEGIES FOR RIGID &
COMPOSITE PAVEMENTS.....ciittieeeeiitee e e eittee e e s eteee e e e eatteeeessateseesassaeeeesabesaeesanssseeeaasseseessnsteneenns
TABLE 6. TRAFFIC INPUT WVALUES ....eiiiiiitiiie e e ettt e ettt e e s ettt e e e s eatee e e e stte e e e s sataeeesanaseaessnsaneeesnseneeans
3.3.5 TRAFFIC HOURLY DISTRIBUTION ....cctiiiiitiiieeiitiiieeeiitieeeeesiteeeessateseesssateeeessnsaseeesssseeesssnssnseeans
TABLE 7. TRANSPORTATION COMPONENT CONSUMER PRICE INDEXES ......ccceeiiiiieeeeiiieeeeeciieeeean,
TABLE 8. PRODUCTIVITY ESTIMATES OF TYPICAL FUTURE REHABILITATION STRATEGIES FOR
FLEXIBLE PAVEMENTS ... .uttiiiiiiiiite e sttt e e e et e e e e st e e e st e e e s s ate e e e s sstaee e e s nae e e e e snneeeeessnnnneeeanneeas
TABLE 9. PRODUCTIVITY ESTIMATES OF TYPICAL FUTURE REHABILITATION FOR RIGID AND
COMPOSITE PAVEMENTS ....ciittiteeiitiee e e ettt e e s ettt e e e e sataee e e s sataeeesasseeeessnsesaeesassnseeeaasneneessnssneeenns
TABLE 9. PRODUCTIVITY ESTIMATES OF TYPICAL FUTURE REHABILITATION FOR RIGID AND
COMPOSITE PAVEMENTS ...cciitiiteeiittte e e eittte e e s ettt e e e e sittea e e s sataeeesasseeeesssesaeesansreeeeaasseneeesnsrnneeans

TABLE 14, CALTRANS CLIMATE REGION CLASSIFICATION ..etttettttiiieeeereessssnnssseessessssssnssseesssesssnn

TABLE 15. PASSENGER CAR EQUIVALENT FACTORS. ....ccitiiiiiiiiiiiieiiiieiieseeeeeeesesssessssssssssssssssssseeee. 126



Life Cycle Cost Analysis Procedures Manual November, 2007

CHAPTER 1 - INTRODUCTION

1.1 Purpose of This Manual

This manual describes Life-Cycle Cost Analysis (LCCA) procedures to be used on pavement
projects on the State Highway System, regardless of funding source. The manual provides step-
by-step instructions for using RealCost, a macro inside EXCEL, developed by the Federal
Highway Administration (FHWA). RealCost was chosen by Caltrans as the official software for
evaluating the cost effectiveness of alternative pavement designs for new roadways or for
existing roadways requiring CApital Preventive Maintenance (CAPM), rehabilitation, or
reconstruction. RealCost and the manual can be accessed from the Caltrans Website at

http://www.dot.ca.qgov/ha/esc/Translab/OPD/DivisionofDesign-LCCA.htm. This manual

provides the guidelines required to perform an LCCA and will help to assure that project
alternatives are analyzed objectively and consistently statewide, regardless of who designs,
builds, or funds the project.

1.2 Background

LCCA is an analytical technique that uses economic principles in order to evaluate long-term
alternative investment options. The analysis enables total cost comparison of competing design
alternatives with equivalent benefits. LCCA accounts for relevant costs to the sponsoring agency,
owner, operator of the facility, and the roadway user that will occur throughout the life of an
alternative. Relevant costs include initial construction (including project support), future
maintenance and rehabilitation, and user costs (time and vehicle costs). The LCCA analytical
process helps to identify the lowest cost alternative that accomplishes the project objectives by
providing critical information for the overall decision-making process. However, some instances
the lowest cost option may not ultimately be selected after such considerations as available

budget, risk, political, and environmental concerns are taken into account.


http://www.dot.ca.gov/hq/esc/Translab/OPD/DivisionofDesign-LCCA.htm
http://www.dot.ca.gov/hq/esc/Translab/OPD/DivisionofDesign-LCCA.htm
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1.3 Caltrans’ Policy

FHWA encourages the use of LCCA for the evaluation of all major investment decisions in order
to increase the effectiveness of those decisions. It is Caltrans’ policy that the cost impacts of a
project’s life-cycle are fully taken into account when making project-level decisions for

pavements®.

Life-cycle cost analysis must be performed, using the procedures and data in this manual. LCCA
must be performed for all projects that include pavement work on the State Highway System

except:

e Major maintenance (HM-1)

e Minor A and Minor B

e Permit Engineering Evaluation Reports (PEER)
e Maintenance pullouts

e Landscape paving

For the exempted projects, the project manager and the project development team will determine
on a case-by-case basis if a life-cycle cost analysis should be done and how it should be

documented for each project development phase.

When the alternative with the lowest life-cycle cost is not selected, the reasons must be
documented. Procedures for how to document life-cycle costs in project documents can be found

in Appendix O-O of the Project Development Procedures Manual (PDPM).

! See Memorandum “Use of Life Cycle Cost Analysis for Pavements” by Richard Land, Chief Engineer dated
March 7, 2007.
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Pavement work consists of all the work associated with constructing a pavement structure,
including subgrade, subbase, base, surfacing, and pavement drainage. It can consist of
constructing, widening, rehabilitating, or overlaying lanes, shoulders, gore areas, intersections,

parking lots, or other similar activities.

This manual is intended to provide the procedures required to implement the LCCA policies. The
manual will be updated with new data and information periodically or as required. Additional
information can be found in Chapter 8 of the PDPM and in Topics 612 and 619 of the Highway
Design Manual (HDM). Where conflicts in information or requirements exist or are perceived to

exist, the information in this manual shall supersede the information in the PDPM and HDM.

Highway Design Manual Topics 612 and 619 identify situations where a LCCA must be
performed to assist in determining the most appropriate alternative for a project by comparing

the life-cycle costs of different:

1) Pavement types (flexible, rigid, or composite);
2) Rehabilitation strategies;
3) Pavement design lives (e.g., 5 vs. 10 years, 10 vs. 20 years, 20 vs. 40 years, etc.); and
4) Implementation strategies (combining widening and rehabilitation projects vs.
building them separately).
If a change in pavement design alters the pavement design life or other performance

objectives during the design of the project, the LCCA must be updated.

10
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CHAPTER 2 - LCCA

Once the decision has been made to undertake a project, a life-cycle cost analysis (LCCA)
should be completed as early as possible in the project development process. Caltrans practice is
to perform a LCCA when scoping a project (Project Initiation Document phase) and again during
the Project Approval & Environmental Document phase (PA&ED). There are two different
approaches in life-cycle cost computation: deterministic and probabilistic. The deterministic
approach is the traditional methodology in which the user assigns each LCCA input variable a
fixed, discrete value usually based on historical data and user judgment. The probabilistic
approach is a relatively new methodology that accounts for the uncertainty and variation
associated with input values. The probabilistic approach allows for simultaneous computation of
different assumptions for many variables by defining uncertain input variables with probability
distributions of possible values. Probability distribution functions for individual LCCA input
variables are still under development by Caltrans and are not yet available for use. Therefore,
Caltrans only uses the deterministic approach at this time.

The elements required to perform a LCCA are:

1) Design alternatives;

2) Analysis period;

3) Discount rate;

4) Maintenance and rehabilitation sequences;
5) Costs;

6) RealCost software

The LCCA procedures described herein were derived from the FHWA'’s RealCost User Manual

(2004) and LCCA Technical Bulletin (1998), “Life-Cycle Cost Analysis in Pavement Design,”

11
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and the Life-Cycle Cost Analysis Primer (2002). The additional tables, figures, and other
resources included in this manual are specifically developed for Caltrans projects to guide the

data inputs needed for running RealCost.

2.1 Design alternatives

A LCCA begins with the selection of alternative pavement designs that will accomplish same
performance objectives for a project. For example, comparisons can be made between flexible vs.
rigid pavements; rubberized asphalt concrete (RAC) vs. conventional hot mixed asphalt (HMA)
pavements; HMA mill-and-overlay vs. HMA overlay; and 20-year vs. 40-year pavement design
lives. Each competing alternative, if properly designed, must be a viable pavement structure that
is both constructible and cost effective for that type and life of pavement.

4.1.1 Provisions for Selecting Design Alternatives

When selecting design alternatives for the LCCA, the following provisions must be met:

1) Compare pavement alternatives with different design lives, At least two of the competing
alternatives must have the same type of surface material. [i.e. Flexible: HMA, RAC, Rigid:
Jointed Plain Concrete Pavement (JPCP), etc]. When comparing a flexible and a rigid
pavement alternative, but with different pavement design lives, another flexible alternative
matching the design life of the rigid alternative must be analyzed. Exceptions to this
provision include situations where no standard design with an alternate design life exists for
the pavement surface in question. [Examples: no standard flexible pavement design for a
Traffic Index (TI) > 15; no continuously reinforced concrete pavement (CRCP) designs for

High Mountain or High Desert climate regions].

12
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2) Rubberized Asphalt Concrete (RAC) must be one of the competing alternatives when flexible
pavement is being considered unless RAC is not viable for the project. If RAC is not a viable
alternative, justification must be included in the Project Initiation Document (PID) or the
Project Report (PR). For further information on when and how to use RAC, see HDM Index

631.3 and the Asphalt Rubber Usage Guide.

3) During the PID phase, LCCA must at least determine which alternate pavement design life is
the most cost effective. HDM Topic 612 provides the minimum requirements used to
determine the pavement design lives for each type of project. Caltrans currently investigates
the following alternate pavement design lives:

e 10-year

20-year

40-year

CAPM projects: no specific design life, 5-year anticipated service life

Widening projects: match remaining service life of adjacent roadway

Note:

Remaining service life (RSL) is determined by the District Maintenance or Materials Engineer by
estimating, in 5-year increments, how much life (before a CAPM project will be needed) remains in the
existing pavement adjoining the widening project. Per HDM Index 612.3, the pavement design life of the
widening cannot be less than the design period (HDM 103.2) of the project. For example, if the existing
pavement on a widening project has an estimated RSL of 15 years and the design period for the widening

project is 20 years, then the pavement design life for the widening project is 20 years.

4) Determine the type of pavement surface (flexible, rigid, or composite; HMA vs. RAC, JPCP

vs. CRCP) during the PID phase for rehabilitation and CAPM projects. For new construction

13
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or widening projects, determination of the pavement surface type can be deferred until the
PA&ED phase (if desired by the district) because information is often limited during the PID
phase. Preliminary decisions made during the PID phase regarding pavement type must be

verified during the PA&ED phase.

If the type of pavement surface cannot be determined during the PID phase and the
construction budget will be programmed using the PID document, determine the pavement

costs as follows:

a) For widening:

e Select the same pavement type as the existing (flexible, rigid, or composite),
except when the T1 > 15 use composite pavement in lieu of flexible pavement.

(Caltrans currently does not have a flexible pavement design for T1 > 15)

e If flexible is the expected alternative, assume the surface type is RAC

b) For new construction:

e TI < 10: assume flexible pavement

e 10 < TI < 15: assume rigid or flexible pavement. Historically, Caltrans has
used rigid pavement on freeways and expressways, and flexible pavement on
conventional highways. If there is uncertainty which alternative is best for the

project situation, the alternative with the higher initial cost should be selected

e 15<TI<17:assume rigid or composite pavement

e TI>17:assume CRCP as the preferred rigid pavement alternative

14
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5) For new construction projects with a 20-year Tl > 10, a LCCA analysis comparing rigid or
composite and flexible pavement alternatives must be done at the PA&ED phase, even if an

analysis was previously completed during the PID phase.

6) The alternatives being evaluated must provide equivalent improvements or benefits. For
example, comparison of 20-year and 40-year rehabilitation alternatives or comparison of new
construction of flexible or rigid pavement alternatives is valid because the alternatives offer
equivalent improvements. Comparison of lane replacement versus overlay is also equivalent.
Conversely, comparing pavement rehabilitation to new construction, overlay to widening, or
rehabilitations at different project locations do not result in equivalent benefits. Projects that
provide different benefits should be analyzed using a Benefit-Cost Analysis (BCA), which
considers the overall benefits (safety, environmental, social, etc.) of an alternative as well as
the costs. For further information on BCA, refer to the Life-Cycle/Benefit-Cost Model (Cal-
B/C) user manuals and technical supplements, which are available from the Division of

Transportation Planning website at http://www.dot.ca.gov/hg/tpp/tools.html.

4.1.2 Selecting Design Alternatives

Table 1 provides some alternatives that will meet the above requirements. To use the table,
determine the following information:
1) The pavement project type. Pavement project types are divided into 4 categories: new
construction/reconstruction, widening, CAPM, and roadway rehabilitation. The HDM
Topic 603 provides definitions for each of the projects.
2) The document associated with the design phase of the project, such as the Project
Initiation Document (PID), the Project Report (PR), or the Project Scope and Summary

Report (PSSR). Draft project reports are considered to be the same as project reports.

15
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3) The condition of the project. Conditions are based on the 20-year TI (new construction),
existing pavement surface (for widening rehabilitation, CAPM) and the pavement type
and design life selected in the PID, for project reports.

After obtaining the information identified above, identify the row in the table that best represents
the project. The table provides three preferred alternatives (Alternatives 1, 2, and 3) for each
condition and some additional alternatives that may be added to (or in some cases substituted
for) the three preferred alternatives. Select the alternatives that best suit the project conditions
while still meeting the provisions specified in Section 2.1.1. Please note that Table 1 is not a

complete list of all possible alternatives for a particular project.

16
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Table 1

November, 2007

Typical Alternatives for Various Types of Projects with Pavement

Pvm_;\l::eoject Document Conditions Alt 1 Alt 2 Alt3 Other Alternatives that could be considered
PID 20-yr Traffic Index (Tl)
Tly > 15 20-yr Rigid (JPCP)  [40-yr Rigid (JPCP) ~ [40-yr Rigid (CRCP) |20-yr Flex® 20-yr Composite®  |40-yr Composite®
12<Tly <15 20-yr Flex® 40-yr Rigid (JPCP)  [40-yr Flex® 40-yr Rigid (CRCP) |20-yr Composite®  [40-yr Composite®
Tl <12 20-yr Flex® 40-yr Rigid (JPCP)  |40-yr Flex® 20-yr Composite®  |40-yr Composite®
PID Preferred Pvmt Type
AR & Design Life
. . - Flex Flex Flex
New Flexible (20-yr design) Flex (HMA) Flex (RAC) Rigid (JPCP) (HMA W OGFC) (RAC-G w/ RAC-0) |(HMA w/ RAC)
. . Flex Flex - Flex .
Flexible (40-yr design) (HMA w/ OGFC) (RAC-G w/ RAC-0) Rigid (JPCP) (HMA w/ RAC) Rigid (CRCP)
Rigid (20-yr design) Rigid (JPCP) Flex (RAC) Flex (HMA)
- . - Flex Flex
- iagi @ ite@
Rigid (40-yr design) Rigid (JPCP) Rigid (CRCP) (RAC w/ RAC-0) Composite (HMA w/ RAC)
. . - - - Flex
Composite (20-yr design) Composite (HMA)  [Composite (RAC) Flex (HMA) Flex (RAC) Rigid (JPCP) (HMA w/ RAC)
y y y . . . Flex Flex
Composite (40-yr design) Composite (HMA)  [Composite (RAC) Rigid (JPCP) Rigid (CRCP) (RAC-G w/ RAC-0) |(HMA w/RAC)
PID Exist Road Pvmt Surface
Flexible RSL Flex 20-yr Flex 40-yr Flex 40-yr Composite®  |20-yr Composite®
Rigid RSL Rigid RSL Flex 40-yr Rigid
Composite‘s) RSL Composite 20-yr Flex 40-yr Composite 20-yr Composite RSL Flex
PR (PA&ED) PID_ Pref_erred Pvmt Type &
Design Life
Widening Flexible (< 20-yr design) HMA HMA w/ RAC RAC HMA w/ OGFC RAC-G w/ RAC-O
Flexible (> 20-yr design) HMA w/ RAC RAC-Gw/RAC-O |HMA w/ OGFC
Rigid (< 20-yr design) Rigid Flex (RAC) Flex (HMA)
. y . Flex Flex
Rigid (> 20-yr design) Rigid (RAC-G w/ RAC-0) |(HMA w/ OGFC)
Composite‘s) (<20-yr design) Composite (HMA)  [Composite (RAC) Flex (RAC) Flex (HMA) Rigid
8 Flex Flex 8
) g .
Composite™ (>20-yr design) Composite (RAC) (RAC-G w/ RAC-0) |(HMA wr 0GFQ) Composite (HMA)
PR Exist Road Pvmt Surface
Flexible HMA RAC HMA w/ RAC HMA w/ OGFC RAC-G w/ RAC-O
- Grinding (Rigid .
CAPM o
Rigid (< 5% slab replacement) Strategy) Thin RAC Overlay
. Grind & Slab Lane Replacement
0/
Rigid (> 5% slab replacement) Replacements (Rehab Strategy)
Composite® Use Flexible CAPM Alternatives
PSSR Exist Road Pvmt Surface
Flexible HMA RAC HMA w/ OGFC RAC-G w/ RAC-O
Road
oadway Flexible w/ OGFC or RAC-O HMA w/ OGFC RAC-G w/ RAC-O
Rehabilitation
Rigid 10-yr Crack, Seat & [20-yr Crack, Seat & |40-yr Lane 20-yr Lane 40-yr Crack, Seat &
9 Flex Overlay Flex Overlay Replacement Replacement Flex Overlay
. 40-yr Lane 20-yr Lane
©) - R
Composite 10-yr Overlay 20-yr Overlay Replacement Replacement

* Refer to Appendix 1, "Glossary and List of Acronyms"” for definitions of terms used in the table

Notes:

(1) Highway Design Manual (HDM) currently does not provide a methodology for this design. Consult the Office of Pavement Design for special design options.
(2) Composite Pvmt may be thin Flex (< 0.25") over JPCP or CRCP. Choose the same rigid pvmt type that is being analyzed forone of the other alternatives.
Assume RAC for flexible surface unless it is desired to analyze both RAC and HM A alternatives or RAC is not viable (see HDM 631.3)

(3) Assume RAC unless there are specific reasons RAC cannotbe used. Document these reasons in Project Initiation Documents. If sufficient information is available,
can optto analyze HM A vs RAC in addition to rigid pavement alternatives.

(4) Consideronly for Tl2o > 12.

(5) Includes previously built crack, seat, and Flexible overlay projects

2.2 Analysis Period

The analysis period is the period of time during which the initial and any future costs for the

project alternatives will be evaluated. Table 2 provides the common analysis periods to be used

17
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when comparing alternatives of a given design life or lives. For example, a minimum analysis
period of 35 years should be used if 10-year and 20-year design life alternatives are compared, or

if two different design alternatives with the same 20-year design life are compared.

Alternative

. . CAPM 10-Yr 150r 20-Yr | 25t040-Yr
Design Life
CAPM 20 years 20 years 20 years
10-Yr 20 years 20 years 35 years 55 years

15 or 20-Yr 20 years 35 years 35 years 55 years

25 to 40-Yr 55 years 55 years 55 years
Table 2. LCCA Analysis Periods

LCCA assumes that the pavement will be properly maintained and rehabilitated to carry the
projected traffic over the specified analysis period. As the pavement ages, its condition will
gradually deteriorate to a point where some type of maintenance or rehabilitation treatment is
warranted. Thus, after the initial construction, reasonable maintenance and rehabilitation (M&R)
strategies must be established for the analysis period. Figure 2-1 shows the typical relationship
between pavement condition and pavement life when appropriate maintenance and rehabilitation

strategies are applied in a timely manner.
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Note: see Appendix 1, “Glossary and List of Acronyms,” for definitions of terms used in the figure.

Figure 2-1: Pavement Condition vs. Years
Additional information about M&R strategies for various types of pavements can be found in

Section 2.4, “Maintenance and Rehabilitation Sequences.”

2.3 Discount Rate

Discount rate is the interest rate by which future costs (in dollars) will be converted to present
value. In other words, it is the percentage by which the cost of future benefits will be reduced to
present value (as if the future benefit takes place in the present day). Real discount rates (as
opposed to nominal discount rates) reflect only the true time value of money without including
the general rate of inflation. Real discount rates typically range from 3% to 5% and represent the
prevailing interest of U.S. Government 10-year Treasury Notes. Caltrans currently uses a

discount rate of 4% in the LCCA of pavement structures.
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2.4 Maintenance and Rehabilitation Sequences

After viable project alternatives are identified and the project information is gathered, a
pavement M&R schedule for each alternative must be determined. Pavement M&R schedules
identify the sequence and timing of future activities that are required to maintain and rehabilitate
the pavement over the analysis period. Pavement M&R schedules found in Appendix 4 of this
manual must be used in the LCCA for pavement projects on the State Highway System. To
determine the applicable pavement M&R schedule for a project alternative in Appendix 4, the
following information is needed:

1) Existing/New Pavement Type. The types are: flexible, rigid, and composite.

2) Pavement Climate Region. This is obtained from the map in Figure A4-1, which is
also available on the Pavement Engineering website.

3) Final Pavement Surface Type or Project type for existing Regid Pavements. The final
pavement surface type is the alternative being investigated for LCCA. Options
include HMA, HMA with Open Graded Frictional Course (OGFC), RAC Gap Graded
(RAC-G), or RAC Gap Graded with RAC Open Graded (RAC-G w/RAC-0), JPCP,
and CRCP.

4) Pavement Design Life. See the HDM Topic 612 for guidance.

5) Maintenance Service Level (MSL). MSL is the state highway classification used by
the Division of Maintenance for maintenance program purposes. Refer to Appendix 1,

“Glossary and List of Acronyms,” for further definition of MSL.
Once all the above information is known, refer to Figure 2-2 to select the appropriate pavement
M&R schedule in Appendix 4. Note that table type (F or R), climate region and final pavement
type are shown at the top of each M&R schedule (see Figure 2-3). After selecting the appropriate
M&R schedule, select the final project type, pavement design life, and Maintenance Service

Level (MLS) for the project alternative being considered. Finally, select the alternative that

closely matches the project alternative being considered and follow the rehabilitation sequence.
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Figure 2-2: Pavement M&R Schedule Determination Flow Chart
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Figure 2-3 shows an example of the Pavement M&R Schedules found in Appendix 4 for RAC
pavements in the State’s “coastal” climate region. The M&R schedule tables have been derived
from the “Pavement M&R Decision Trees” prepared by each Caltrans district and experience

with pavement performance in California (Note: these schedules assume there will be no early

failures). As shown in the Figure 2-3, the M&R schedules include the initial alternative as well
as the future CAPM, rehabilitation, or reconstruction activities and their estimated service lives
(see “Activity Service Life (years)” box in Figure 2-3. Interim maintenance treatments such as
Major Maintenance (HM-1) projects and work by maintenance field crews performed between
each scheduled activity have been converted into an annualized maintenance cost in dollars per

lane mile ($/lane-mile).
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TABLE F-4
Low Mountain & South Mountain Climate Regions
HOT MIX ASPHALT PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final Pvmt | Maint. Tesin Altemat
Slfern | Drsms || Samee Year L LR 5 10 15 20 25 30 3 40 45 50 55
Construction
Type Life Level
New Construction/Reconstruction
Tear of Action 0 19 24 34 39 49 54
New/ CAPM Rehab HMA CAPM Rehab HMA CAPM Rehab HMA
Actmity Description
Reconstret HMA (10 yr) Hh4 (10 yr) HiA (10 yr)
Activity | Annwal Maint, Cost
Service Life | ($flane-mile) over | 19 3,500 3 1,100 10 3,200 5 1,100 10 5,100 5 £1,100 10 3,200
12 (years) Activity Service Life
! Year of Action 0 19 24 43 43
New/ CAPM Rehab HMA CAPM Rehab HMA
Activity Description
A 20 Reconstret HA (20 yr) HhA (20 yr)
Actvity | Annval Maint, Cost
Service Life | ($llane-rmde) over | 19 3,500 3 1,100 19 2,800 5 1,100 1% 2,800
(years) Activity Service Life
Tear of Action 0 19 28 37 45
New/ CAPM CAPM CAPM Lane Replace
Activity Description
3 Reconstret HA A HhA (20 yr)
Actty | Annwal Mamt, Cost
Service Life | ($lane-rmde) over | 19 3,500 9 5,700 9 5,700 8 3,600 19 3,500
(vears) | Activity Service Life
CAPM
Tear of Action 0 bl 13
. CAPM Rehab HMWA CAPM
Activity Description
12 HMA (10 vr) HMA
Activity | Annual Mamt Cost
Service Life | ($lane-mle) over | 5 1,100 10 3,200 3 1,100
A 51 (years) Activity Service Life
Tear of Action 0 9 18
CAPM CAPM CAPM
Activity Description
3 HMA HMA HMA
Activity | Annval Mamt, Cost
Service Life | (Pllane-mdle) over | 9 5,700 bl 5,700 3 3,600
(years] | Activity Service Life
R ehabilitation | |

Figure 2-3: Example of Pavement M&R Schedule
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EAMPLE 2.1

Suppose that one of the alternatives being considered for flexible pavement is a “CAPM HMA
w/ RAC” located in the coastal climate region with a maintenance service level of 2. To
determine the appropriate pavement M&R schedule, go to the “F” tables since the existing
pavement is a flexible pavement. Since the project is in the coastal region, select the M&R
schedules with the heading “All Coastal Regions”. Next, find among the selected schedules the
one that addresses the final pavement type for the alternative being considered, for this example
“Hot Mix Asphalt W/ RAC”. Thus, the appropriate schedule will have the heading “Table F-1,
All Coastal Climate Regions, Hot Mix Asphalt w/ RAC Pavement Maintenance and
Rehabilitation Schedule”. Finally, knowing that the project type is a CAPM and the MSL is 2,
we can find the appropriate row and sequence. In this example the sequence is the sixth from the
top. From this schedule it can be determined that the HMA w/ RAC CAPM alternative is
expected to last 10 years and the annualized cost for maintenance (HM-1) is estimated at $3,500
per lane-mile. The M&R schedule also calls for a “10-year Rehab HMA w/ RAC” at year 10
after the implementation of the CAPM alternative. This rehab is expected to last up to 10 years

with an annualized maintenance cost of $2,200 per lane-mile.

2.5 Estimating Costs

Life-cycle costs include two types of cost: agency costs and user costs. Agency costs include
initial, maintenance, rehabilitation (including CAPM), support, and remaining service life value
costs. User costs include the additional travel time and related vehicle operating costs incurred
by the traveling public due to potential congestion associated with planned construction

throughout the analysis period.
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2.5.1 Initial Costs

Initial costs must include estimated construction costs as well as project support costs (for
design, environment, construction administration and inspection, project management, etc.) to be

borne by an agency for implementing a project alternative.

2.5.1.1 Construction Costs

For each alternative, the initial construction costs (first activity in the M&R sequence) should be
determined from the engineer’s estimate. Costs for mainline and shoulder pavement, base and
subbase, drainage, joint seals, earthwork, traffic control, time-related overhead, mobilization,
supplemental work, and contingencies should be included. Construction costs that will not
change between alternatives — such as bridges, traffic signage, and striping — may be excluded
if those costs can be separated from the rest of the estimate. See the PDPM for information and

work sheets for estimating costs in the PID and the PR.

2.5.1.2 Project Support Costs

Costs for project support should be estimated based on the costs identified in the proposed work
plan for a project alternative. When work plan data is not yet available, use the project support
cost multipliers shown in Table 3 with the initial construction costs to estimate project support

costs for a project alternative.
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Table 3. Agency Project Support Cost Multipliers

N Range of Project (9) Multiplier w/ Multiplier w/o
Right-of-Way Right-of-Way
Small 750,000 - 5,000,000 047 0.39
New Construction/ |Medium 5,000,001 - 20,000,000 031 0.29
Reconstruction | Large 20,000,001 - 35,000,000 0.25 023
Very Large 35,000,001 - Up 024 0.20
Small 750,000 - 2,500,000 0.56 052
VWidening Medium 2,500,001 - 5,000,000 0.39 0.35
Large 5,000,001 - 15,000,000 0.28 0.26
Very Large 15,000,001 - Up 0.25 024
Small 750,000 - 2,000,000 0.19 0.19
CAPM Medium 2,000,001 - 5,000,000 0.18 0.15
Large 5,000,001 - Up 0.16 013
Small 750,000 - 2,000,000 0.35 031
Re:mi,on Medium 2,000,001 - 5,000,000 0.28 0.26
Large 5,000,001 - Up 0.20 0.19

*Refer to Appendix 1, "Glossary and List of Acronyms" for definitions of terms used in table.

Example 2.2:

Consider a future HMA overlay CAPM project with a construction cost estimate of $4.0 million. The
corresponding project support cost multipliers in Table 3 for this CAPM alternative are 0.18 with right-of-
way and 0.15 without right-of-way, respectively. Accordingly, the estimated initial cost for this alternative
is $4.72 million ($4.0 million X 1.18 = $4.2 million. $4.0 million for construction and $0.72 million for
project supports) with right-of-way acquisition and $4.6 million ($4.0 million X 1.15 = $4.6 million. $4.0 for

construction and $0.6 million for project supports) if the project does not require right-of-way.

2.5.2 Maintenance Costs

Maintenance costs include costs for routine, preventive, and corrective maintenance, such as
joint and crack sealing, void undersealing, chip seal, patching, spall repair, individual slab
replacements, thin HMA overlay, etc., whose purpose is to preserve or extend the service life of

a pavement. Caltrans uses the annualized maintenance costs included in the pavement M&R
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schedules in Appendix 4. These annualized costs are based on the “Pavement M&R Decision
Trees” prepared by each Caltrans district and historical cost data collected by the Division of
Maintenance.

2.5.3 Rehabilitation Costs

Rehabilitation costs for a particular activity should include costs for project supports and costs
for all the necessary appurtenant work for drainage, safety, and other features.

Tables 4 and 5 provide the estimated cost per lane-mile of construction costs (excluding project
support costs) for various types of CAPM and rehabilitation projects. These project costs have
been summarized from projects funded by Caltrans over the six-year period ending in 2005.
After selecting an applicable pavement M&R sequence for the project alternative (as discussed
in Section 2.4, “Maintenance and Rehabilitation Sequences”), use the tables to estimate the cost
of future rehabilitation activities to be performed after implementing a project alternative. For
those future rehabilitation activities whose project type is the same as the proposed project
alternative, the user can assume its rehabilitation costs to be the same as the initial costs

estimated for the project alternative.
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Table 4. Estimated Construction Costs of Typical M&R Strategies for Flexible Pavements

Pvmt.
Final Surface Type| Design Future M&R Activity Description $/Lane-Mile
Life (years)
CAPM
5+ Overlay 99,000
HMA
5+ Mill & Overlay 118,000
5+ Overlay 146,000
HMA w/ OGFC
5+ Mill & Overlay 165,000
5+ Overlay 161,000
HMA w/ RAC
5+ Mill & Overlay 180,000
5+ Overlay 100,000
RAC
5+ Mill & Overlay 119,000
5+ Overlay 147,000
RACw/ RAC-O
5+ Mill & Overlay 162,000
Rehabilitation
10 299,000
Overlay
HMA 20 332,000
10 318,000
Mill & Overlay
20 351,000
10 346,000
Overlay
20 379,000
HMA w/ OGFC
10 365,000
Mill & Overlay
20 398,000
10 361,000
Overlay
20 394,000
HMA w/ RAC
10 380,000
Mill & Overlay
20 413,000
10 327,000
Overlay
20 363,000
RAC
10 346,000
Mill & Overlay
20 379,000
10 389,000
Overlay
20 422,000
RACw/ RAC-O
10 408,000
Mill & Overlay
20 441,000
Lane Replace See Table 5bfor options
Notes:

* Refer to Appendix 1, "Glossary and List of Acronyms" for definitions of terms used in the table.
** Lane-mile construction costs excluding project support costs
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Table 5a. Estimated Construction Costs of Typical M&R Strategiesfor Rigid & Composite Pavements

. Pvmt.
e Pee i Design Life Future M&R Activity Description $/Lane-Mile®”
Type
(years)
CAPM
Flexible Overlay 81,000
Flexible / 54 Flexible Overlay + JPCP Slab Replacements 84.000
Composite (FO +JPCP SR, RSC 12-Hour Curing Time) !
Flexible Overlay w/ JPCP Slab Replacements 91000
(FO +JPCP SR, RSC 4-Hour Curing Time) !
Conc. Pvmt Rehab A® 123.000
54 (with RSC of 12-Hour Curing Time) '

o Conc. Pvmt Rehab AY 148.000
Rigid - (with RSC of 4-Hour Curing Time) !
Jointed Plain Conc. Pvmt Rehab B? 88.000
Concrete Pavement 54 (with RSC of 12-Hour Curing Time) '

(with RSC of 4-Hour Curing Time) '
Conc. Pvmt Rehab ¢ 82000
54/ (with RSC of 12-Hour Curing Time) '
Conc. Pvmt Rehab C 89.000
(with RSC of 4-Hour Curing Time) '
Punchout Repairs N 163.000
54 (with RSC of 12-Hour Curing Time) '
NG)
Rigid - Pu_nchout Repairs A - 175,000
. (with RSC of 4-Hour Curing Time)
Continuously —0
Reinforced "U_“hcggé“ ffgé:fs BC - 136,000
Concrete Pavement 5+ (vt ol _~Howr (:)"ng ime)
(CRCP) Punchout Repairs B 147,000
(with RSC of 4-Hour Curing Time)
Punchout Repairs c® 20.000
(with RSC of 12-Hour Curing Time) '
S+~ ®)
Punchout Repairs C 25000
(with RSC of 4-Hour Curing Time) !

* Refer to Appendix 1, "Glossary and List of Acronyms"” for definitions of terms used in the table.
Notes:
(1) Conc Pvmt Rehab A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair.
It is for projects with a total number of slabs in the lane that exhibit third state Rigid Cracking or were
previously replaced is greater than or equal to 5% and less than or equal to 7%.
For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.
(2) Conc Pvmt Rehab B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair.
It is for projects with a total number of slabs in the lane that exhibit third state Rigid Cracking or were
previously replaced is between 2 and 5%.
(3) Conc Pvmt Rehab C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair.
It is for projects with a total number of slabs in the lane that exhibit third state Rigid Cracking or were
previously replaced is between 2% or less.
For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.
(4) Lane-mile construction costs excluding project support costs
(5) Costs for terminal joint at $9,000 per lane should be applied in addition to lane replacment cost.
Lane replacement costs are per lane-mile and terminal joint cost are per lane.
(6) Punchout Repair A involves significant punchout repairs and 0.15' of flexible overlay. Itapplies to continuously reinforced concrete pavements that
had previous punchout repairs and a flexible overlay.
(7) Punchout Repair B involves moderate punchout repairs and 0.15' of flexible overlay. Itapplies to continuously reinforced concrete pavements
where the totoal number of current and previous punchout repairs exceed 4 per mile.
(8) Punchout Repair C involves minor punchout repairs and 0.15' of flexible overlay. Itapplies to continuously reinforced concrete pavements that
where the totoal number of current and previous punchout repairs do not exceed 4 per mile.
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Table 5b. Estimated Construction Costs of Typical M&R Strategies for Rigid & Composite Pavements

. Pvmt.
il Pleeais v Design Future M&R Activity Description $/Lane-Mile®
Type .
Life (years)
Rehabilitation
Flexible Overlay w/ Slab Replacements 215000
10 (FO+JPCP SR, RSC of 12-Hour Curing Time) !
Flexible Overlay w/ Slab Replacements 233,000
(FO+JPCP SR, RSC of 4-Hour Curing Time) !
Muill, Slab Replacement & Overlay
10 (MSRO, RSC of 12-Hour Curing Time) 234,000
Muill, Slab Replacement & Overlay 252 000
(MSRO, RSC of 4-Hour Curing Time) !
Mill, Slab Replacement & Overlay
20 (MSRO, RSC of 12-Hour Curing Time) 260,000
Mill, Slab Replacement & Overlay
(MSRO, RSC of 4-Hour Curing Time) 280,000
Flexible /
Composite 10 | crack, seat, & Flexible Overlay 251,000
20 (CSFoL) 279,000
20 941,000
Lane Replace with Flexible
40 1,255,000
20 . .
Lane Replacement with composite 2,011,000
20 (with RSC of 12-Hour Curing Time)
2,349,000
20 . .
Lane Replacement with composite 2,482,000
20 (with RSC of 4-Hour Curing Time)
2,821,000
20 1,4
Lane Replacement 493,000
Rigid - with RSC of 12-Hour Curing Time
9 . w0 | gTime) 1,752,000
Jointed Plain
Concrete Pavement
20
(JPCP) Lane Replacement 1,854,000
(with RSC of 4-Hour Curing Time)
40 2,113,000
Rigid - 20 Lane Replacement 1,951,000
. (with RSC of 12-Hour Curing Time)
Continuously 2289 000
. 40 ) )
Reinforced
Concrete 2,422,000
Pavement (CRCP) 20 La_ne el P
(with RSC of 4-Hour Curing Time)
40 2,761,000

Notes:

See Table 5a.
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The following steps describe how the construction costs in Tables 4 and 5 can be used to

estimate the costs of future rehabilitation activities:

1) Find the applicable pavement M&R schedule for the project alternative being

considered (as described in Section 2.4).

2) From the M&R schedule, identify the sequence of future rehabilitation activities that

will take place through the entire analysis period.

3) For each of the future rehabilitation activities shown in the M&R schedule sequence,
find the description that best fits each activity by selecting the appropriate project
type, the final pavement surface type, the design life, and the future M&R activity in
Tables 4, 5a, or 5b (Note: in most cases there will be more than one choice that will

require exploration).

4) Determine the applicable lane-mile cost for each future rehabilitation activity in Table

4. 5a, or 5b as follows:

(a) Multiply the total number of project lane-miles by the lane-mile cost to get the

construction cost for the future rehabilitation activity;

(b) Determine the project support cost multiplier from Table 3 that is applicable

to the calculated construction cost;

(c) Multiply the calculated construction cost by the project support cost multiplier

to get the project support cost for the future rehabilitation activity;

(d) Add the construction cost and the project support cost to get the rehabilitation

cost (“Agency Construction Cost”).

31



Life Cycle Cost Analysis Procedures Manual

November, 2007

Example 2.3:

Determine the cost for future rehabilitation activities which will occur after implementing the project

alternative described below:

CAPM w/o right-of-way acquisition (HMA Overlay)

Solution:

1) Find the applicable pavement M&R schedule (from Appendix 4, Table F-1)

40.0 lane-miles (i.e., total project lane-miles including turn, auxiliary lane-miles) of an existing

flexible pavement

Initial Agency Construction Cost: $4.6 million ($4.0 million for construction and $0.6 million for

project support)

Analysis Period: 20 years.

Climate: Coastal

Maintenance Service Level: 1

i Sl | [ i Begin Alternative
Surface | Design| Service Year 9 . 5 10 15
. Construction
Type Life | Level
CAPM
Year of Action 0 5 15
Activity Description A ML CAPM
12 / P HMA (10yn) HMA
' Activity )
Service Lifp \Nual Maint. Cost o4y 100 140 | 6100 1,100

) ($/lane-mile)

aliila) 2 Year of Action 0 10
- - CAPM CAPM
5 Activity Description HMA HMA
Activity .
Service Lifp Nual Maint. Cost 6 5 10| 6,100
($/1ane-mile)
(years)
2) Identify the prescribed sequence of future rehabilitation activities after initial construction
(within the 20-year analysis period)
(a) 10-year Rehab HMA in Year 5
(b) CAPM in Year 15
3) Applicable M&R alternative for each future rehabilitation activity (from Table 4)

(Note: solution shows that after initial construction the engineer will have a choice

of future rehabilitation activities. The solution for both is shown below)
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e HMA Mill and Overlay = $4,720,000 X 0.15 = $708,000
8) Agency construction costs for the initial construction and future rehabilitation activities

(@) CAPM Initial Construction (Year 0):
e Agency Construction Cost : 4,600,000 ($4,000K + $600K)

e Agency Maintenance Cost: $1,100/lane-mile x 40 lane-miles = $44,000

(b) 10-year Rehab in Year 5:
e Agency Construction Cost:
o HMA overlay = $11,960,000 + $2,272,000 = $14,232,000
o HMA Mill & Overlay = $12,720,000 + $2,416,800 = $14,232,000 =
$15,136,000

e Agency Maintenance Cost: $6,100/lane-mile x 40 lane-miles = $244,000

(c) CAPMin Year 15:
e Agency Construction Cost
o HMA Overlay = Same as CAPM in Year 0 = 4,600,000 ($4,000K +
$600K)
o HMA Mill & Overlay = $4,720,000 + $708,000 = $5,428,000
e Agency Maintenance Cost: $1,100/lane-mile x 40 lane-miles = $44,000

2.5.4 User Costs

Best-practice LCCA calls for consideration of not only agency costs, but also costs to facility
users. User costs include travel time costs and vehicle operating costs (excluding routine
maintenance) incurred by the traveling public. User costs arise when work zones restrict the
normal flow of the facility and increase the travel time of the user by generating queues or
formal or informal detours. User costs are also incurred during normal operations, but they are
not considered in LCCA because normal travel costs are not dependent on individual project
alternatives. Additional user costs resulting from work zones can become a significant factor

when a large queue occurs in a given alternative.
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2.5.5 Remaining Service Life Value

If an activity has a service life that exceeds the analysis period, the difference is known as the
Remaining Service Life Value (RSV). Any rehabilitation activities (including the initial
construction) except for the last rehabilitation activity within the AP will not have a RSV. The
RSV of a project alternative at the end of the analysis period is calculated by prorating the total

construction cost (agency and user costs) of the last scheduled rehabilitation activity.

2.6 Calculating Life-Cycle Costs

Calculating life-cycle costs involves direct comparison of the total life-cycle costs of each
alternative. However, dollars spent at different times have different present values, the
anticipated costs of future rehabilitation activities for each alternative need to be converted to

their value at a common point in time. This is an economic concept known as “discounting.”

A number of techniques based upon the concept of discounting are available. FHWA
recommends the present value (PV) approach, which brings initial and future costs to a single
point in time, usually the present or the time of the first cost outlay. The equation to discount

future costs to PV is:

1
@+i)"
Where:

F = future cost at the end of n™ years
i = discount rate
n = number of years

PV =F

(Equation 1)

However, the equivalent uniform annual cost (EUAC) approach is also used nationally. It
produces the yearly costs of an alternative as if they occurred uniformly throughout the analysis

period. The PV of this stream of EUAC is the same as the PV of the actual cost stream. Whether
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PV or EUAC is used, the decision supported by the analysis will be same. Caltrans requires the

LCCA results to be documented using the present value approach.
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CHAPTER 3 - USING REALCOST

3.1 Methodology

1. Gather project information:

Gather as much project information as possible, such as:

Existing project type

Remaining Service Life of Existing pavement (for widenings)

Project location

Project Scope

Potential final pavement type

Expected construction year

Construction scheme such as staging, direction, construction windows, etc.

Traffic information

2. Select design alternatives.

Use the suggested alternatives in Table 1 or the preferred methodology followed by your

district for selecting design alternatives. However, selection of project alternatives must

follow the requirements specified in Section 2.1 of this manual.

After selecting the competing alternatives, estimate the costs associated with each of the

alternatives (Engineer’s estimate).

3. Determine the “Analysis Period.”

Once the alternatives are selected, use Table 2 (see Section 2.2) to determine the

appropriate analysis period. When analyzing three or more alternatives, determine the

analysis period using the longest design life.
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4. Determine the traffic inputs.
e AADT for construction year
e Single Unit truck percentage
e Combination Trucks percentage
e Normal operating speed for the project location
e Number of lanes open under normal conditions. Section 3.3.3 of this manual
shows how to obtain the information required to determine this inputs.

5. Determine the traffic flow information.

Use Table 6 to determine the traffic flow inputs for RealCost. Traffic flow inputs
include:

e Free Flow Capacity of the facility

e Queue Dissipation Capacity of Work Zone

e Expected or maximum queue length,

6. Enter the “Project-Level Inputs” into RealCost.

7. Determine the future rehabilitation sequence.

For each alternative, select the appropriate M&R schedule from Appendix 4. Section 2.4
shows the process for selecting the M&R Schedule and determining the future
rehabilitation sequence.

8. Determine the future rehabilitation cost. There is a cost associated with each of the future
rehabilitation activities in the sequence. See Section 2.5 for information on how to
determine these costs.

9. Determine the “Agency Maintenance Cost" from the appropriate M&R table.

10. Determine the “Work Zone Duration.”
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11. For each of the alternatives, determine the Work Zone Duration (WZD) for each future
rehabilitation activity in the sequence. Use Table 8 or 9 as shown in Section 3.3.2
12. Enter the “Alternative-Level Inputs.”
13. Evaluate the results.
Note that if the project is evaluating more than two alternatives, a separate accounting of
RealCost will need to be developed in order to compare all the alternatives.

3.2 Installing & Starting RealCost

3.2.1 Installation
In order to prepare a life-cycle cost estimate using RealCost (Version 2.2.1 California Edition),
the software must first be installed. The software can be downloaded from:

http://www.dot.ca.qgov/ha/esc/Translab/OPD/DivisionofDesign-LCCA.htm. Follow the

installation instructions provided on the website.

Note:

Because RealCost is an add-on program designed to run in Microsoft Excel 2000 (or later), it should not

require installation by Caltrans’ IT staff.

3.2.2 Start Up

Select “RealCost 2.2” from the Windows “Start Menu” (Programs > RealCost > RealCost 2.2) to
launch the program.

When prompted by Excel, choose “Enable Macros” to run RealCost. Immediately after the
worksheet appears, the “Switchboard” panel opens on top of it (see Figure 3-1). If the
switchboard does not appear, go to the “Tools” drop down menu, select “Macro,” and change the

security to medium.
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Note:

The program allows you to input data either through the “Switchboard” or directly into the Input

Worksheet.

input values

This manual contains instructions for entering information by using the “Switchboard”. To

directly into the Input Worksheet, close the “Switchboard” by clicking the “X” in the upper

right-hand corner. To restore it later, click “RealCost” drop down menu at the top of the Excel window,

and select “RealCost Switchboard.”

.
File Edit WView Insert Format Tools Data  Window Help RealCost RealCost - ® X
DzdEa &l B~ 00% - @7 *a?a G o=l c
_-o-A-.
Text Box 23 = I3
| A B | c D E | E Gt
1 INPUT WORKSHEET |l
2
EINAPR L LIIEN] RealCost 2.2 Switchboard [English Units]
4 Value of Time for Pas| B
5 |Value of Time for Sin 2 i
2l | ¢ = Build: 2.2.1
6 Value of Time for Con| Pro]ect Leve’ Inputs B
7 Project = Analysis Traff SR Nalue of
G |2. Analysis Optior Details Optigns , Dr:te:c j_;" User Time
9 |Include User Costs in
10 |Include User Cost Re
11 |Use Differential User Traffic Hourly Added Yehicle .- Save Project- Open Project-
12 |User Cost Computati Distribution Tirne and Cost =inl Level Inputs ; Level Inputs
13 |Include Agency Cost
14 | Traffic Direction
15 Analysis Period (Yeai - A lt@rnative-Level Inputs Input Warnings
16 | Beginning of Analysisg
17 |Discount Rate (%) = LY
18 | 'i:-- L Alternative 1 Alternative 2 ‘% g‘pow_
19 3. Project Details @ Amnga
20 |State Route
21 |Project Name - -
52 |Region Simulation and Outputs
23 County
24 |Analyzed By Deterministic | | . ) Probabilistic
25 |Mileposts |-I-l Results Simulation _L Results Fepo
26 | Begin
27| End
28 Length of Project (mill - Addministrative Functions
Comments Go To Clear T Save LCCA Exit LCCA
Warksheets @ Input Data EE Warkbook As.. “
23 |
3o
4114 Traffir Nata | | z
W« » Wi\Inputs{ Deterministic Results {_ Probabilstic Results { Output Distributions { Toma| « | [
Ready NUM 4

Figure 3-1: RealCost Switchboard
The “Switchboard” consists of five sections (See Figure 3-1):
e Project-Level Inputs;

e Alternative-Level Inputs;
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e Input Warnings;
e Simulation and Outputs;
e Administrative Functions.

These items are discussed in Sections 3.3 through Section 3.6

Note:

Most of the functions available from the “Switchboard” are also accessible by selecting the “RealCost”

drop down menu in the Microsoft Excel menu bar.

3.3 Project Inputs

RealCost requires two levels of information. The first, “Project-Level Inputs,” which are
discussed in Section 3.3.1, are project-level data that apply to all the alternatives being
considered for the project. The second information level, “Alternative-Level Inputs” (discussed
in Section 3.3.2), is data that defines the differences between project alternatives (e.g., agency
costs and work zone specifics for each alternative’s component activities). To emphasize the

differences between the two types of inputs, RealCost requires that they are entered separately.

3.3.1 Project Details

The “Project Details” panel (Figure 3-2) is used to enter the project information details. Note that
other than the “Mileposts,” information entered here will not be used in the analysis. The
information entered in here is used to identify and differentiate between projects. Once all the
project documentation details are entered, click the “Ok” button to return to the “Switchboard”

or the “Cancel” button to start over.
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Project Details

State Route: | Interstate 710

Project Mame: | 1-710 Long Beach Project
Region: | District 7

County: | Los Angeles

Analyzed By: | Manas Thananant

Mileposts: Begin: 5.8 End: a7

Resurface exdsting freeway from Route 1
to Route 405 and 710 Separation
Comments:

Ok Cancel

Figure 3-2: Project Details Panel

Analysis Options El

Analysis Units: English -
Analysis Period (years): 40
Discount Rate (%): 4

Beginning of Analysis Period: 2006

Include Agency Cost Remaining Service Life Value: i~

Incude User Costs in Analysis: i~

User Cost Computation Method: Calculated =

Traffic Direction: Both -

Incude User Cost Remaining Service Life Value: [v
Ck | Cancel |

Figure 3-3: Analysis Options Panel
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3.3.2 Analysis Options

The “Analysis Options” panel (Figure 3-3) is used to define the user limits that will actually be
applied in the analysis of the project alternatives. This panel is where the actual analysis input for
the project begins. The data inputs and analysis options available on this Panel are detailed below.
e Analysis Units: Select either “English” or “Metric” to set the units to be used in the
analysis.

e Analysis Periods (years): Enter an analysis period (in years) during which project

alternatives will be compared. Refer to Figure 2-1 and Table 2 in Section 2-2, “Analysis
Period,” to decide on the appropriate analysis period that will be common to all
competing alternatives in the project.

e Discount Rate (%): Enter the Caltrans default value of 4 percent for deterministic

analysis.

e Beginning of Analysis Period: Enter the year in which construction of the project

alternative is expected to begin. This is the same as the construction year ADT found in
the design designation or traffic projections for the project (see Figure 3-4 from HDM
Index 103.1). This should be the same year as the initial construction year AADT from
the design designation If the project did not require a design designation (i.e. traffic
projections) or traffic projections were not done, use the year you expect the project will

end construction.

ADT (2000) = 9800 D =60%
ADT (2020) = 20 000 T=12%
DHV = 3000 V =110 KM/H

ESAL=4500000 Tiyxp=11.0

Figure 3-4: Design Designation
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Include Agency Cost Remaining Service Life Value: Select the checkbox for RealCost to

automatically calculate and include the prorated share of the agency cost of the last future

rehabilitation activity if it extends beyond the analysis period.

Include User Costs in Analysis: Select the checkbox to have RealCost include user costs

(see Section 2.5) in the analysis and display the calculated user costs results.

User Cost Computation Method: Select “Calculated” to have RealCost calculate user

costs based on project-specific input data.

Note:

As an option, CA4PRS can be used to calculate the user costs for the life-cycle cost analysis.
CA4PRS (Rapid Rehab Software) is software developed by Caltrans and others to compare the
impacts on construction schedules and the traveling public of various traffic management
alternatives. One of the outputs from the program is user costs. The program is currently limited
on what options it can investigate but is being expanded as resources allow. The latest version
of CA4PRS and the user manual can be obtained from the Division of Research and Innovation

website at:

http://www.dot.ca.gov/research/roadway/cadprs/ca4prs.htm

If CA4APRS data is used, analyses will be needed for all of the initial construction options and
future rehabilitation options. If CA4PRS generated data is used, select “Specified” under “User

Cost Computation Method".

Traffic Direction: Directs RealCost to calculate user costs for the “Inbound” lanes, the

“Outbound” lanes, or “Both” lanes. Select the traffic direction that will be affected by
work zone operations. “Inbound” is used for the direction where traffic peaks in the AM
hours. “Outbound” is used for the direction where traffic peaks in the PM hours. “Both”

is used when construction is occurring in both directions.

User Cost Remaining Service Life Value (RSLV): Select the checkbox to have RealCost

include the user RSLV of a project alternative Once all the analysis options are defined,
click the “OKk” button to return to the “Switchboard”.
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3.3.3 Traffic Data

The “Traffic Data” panel (Figure 3-5) is used to enter project-specific traffic data that will be
used exclusively to calculate work zone user costs in accordance with the method outlined in the

FHWA'’s LCCA Technical Bulletin (1998) and “Life-Cycle Cost Analysis in Pavement Design.”

Traffic data are developed for PIDs and PRs when pavement work is involved. Some of the data
for the “Traffic Data” panel can be found in the design designation (Figure 3-4), traffic
projections generated for the specific project, or from the Division of Traffic Operations website

(http://www.dot.ca.qgov/ha/traffops/saferesr/trafdata/index.htm).

Traffic Data g|
AADT Construction Year (total for both directions): 150000
Single Unit Trucks as Percentage of AADT (%:): 7
Combination Trucks as Percentage of AADT (3): s
Annual Growth Rate of Traffic (%): 1.7

Speed Limit Under Mormal Operating Conditions {mph): 55
Lanes Open in Each Direction Under Normal Conditions: 4

Free Flow Capadity (vphpl): 2170

Free Flow Capadty Calculator  (Fg

Queue Dissipation Capacty (vphpl): 1700

Maximurmn AADT (total for both directions): 215090

Maximum Queue Length {miles): 5

Rural or Urban Hourly Traffic Distribution: Urban -
Ok Cancel |

Figure 3-5: Traffic Data Panel

e AADT Construction Year (total for both directions): Enter the annual average daily

traffic (AADT) total for both directions in the beginning year of the analysis. This is
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the same as the construction year ADT found in the design designation or traffic
projections for the project (see HDM Index 103.1 and Figure 3-4). For an example of
what to do if a design designation or traffic forecast was not developed for the
project, see Appendix 6.

e Single Unit Trucks as Percentage of AADT (%): Enter the percentage of the AADT

that is single unit trucks (i.e., commercial trucks with two-axles and four tires or

more) by doing the following:

L VEEICLE TRUCE TRUCE TRUCE ARDT TOTRL & TRUCK AALT EAL TERR

POET E ARDT ARDT & TOT -—————-- By Axle —=—-=== —==--- By Axle —------ 1-WEY VER/

RIE DIST CWTY MILE TOTAL TOTEL  VEH z 2 4 5+ 2 3 4 5+ {1000) EBT

ool 12 ORAR R.123 X DRNA BOINI, JCT. RIE. 38500 2383 €.22 EBl2 1llzaz2 221 123 33.92 47.3Z 12.28 §.38 224 Q03E

ool 12 ORR R.78 X DRNx BOINTI, DOHENY 48500 2362 4.87 EO1 111E 2l€ 127 33.9%2 47.3Z 12.28 §.38 221 Q03E

FARE RCRD

001 1Z ORA 5.418 B LAGUNA BEACH, JCT. 40000 €96 1.74 272 3Z0 64 40 3%.08 £5.88 9.2 5.75 62 03E
RIE. 133 HORTH

001 1Z ORA 5.418 A LAGUNAR BEACH, JCT. 433500 737 1.7¢ 28§ 34E T0 44 3%.08 £5.88 9.2 5.75 68 03E
DZE 3 AoDT

Figure 3-6: Traffic Information

Go to the Division of Traffic Operations Traffic Data Branch website

(http://www.dot.ca.gov/ha/traffops/saferesr/trafdata/index.htm) and find the most current file of

“Annual Average Daily Truck Traffic” data available (see Figure 3-6). Find the “% Truck
AADT” for 2-axle trucks at the project location. There may be several values given within the
limits of the project. Choose the one that best represents the overall project, use the average or
the weighted average. Obtain the truck traffic volume (T) from the design designation (HDM
Topic 103.1, Figure 3-4). This value is measured as a percentage. If there is no design
designation, use the Total Trucks % value from the Division of Traffic Operations web site

referred to above (Use selection process similar to the one used for 2-axle truck).
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Note:

The total truck volume in the design designation does not need to match the total truck
percentage on the Division of Traffic Operations website. If there is a wide disparity in values
between the two numbers, the designer should review the accuracy of the traffic projections

in the design designation and have the design designation updated if necessary.

Using Equation 2 to calculate the “Single Unit Trucks as Percentage of AADT (%)~

(Assumption: “Total Trucks %™ and ““Single Unit Trucks % will remain the same in future

years):
TA .
SUT =T x(—— Equation 2
(100) (Eq )
where:
SUT = Single Unit Trucks as Percentage of AADT (%)
T = Truck Traffic Volume (% of AADT Total).
TA = 2-Axle Percent (percentage of Truck AADT Total).
Example 3.1:
Given:
Total Trucks % = 6.22%
2-Axle Percent = 33.93%
Find:

The Single Unit Trucks as Percentage of AADT
Using Equation 2, the Single Unit Trucks as Percentage of AADT (%) is

6.22 x (%) =2.11% (or 2.1, but be consistent)
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Combination Trucks as Percentage of AADT (%): Enter the percentage of the AADT

that is combination trucks (i.e., trucks with three axles or more). This value is
obtained by subtracting the “Single Unit Trucks as Percentage of AADT (%)” from
the “Total Trucks % (percentage of AADT Total).”

Annual Growth Rate of Traffic (%): Enter the percentage by which the AADT in

both directions will increase each year. Contact the Division of Traffic System
Information for the “Annual Growth Rate of Traffic” or calculate the approximate
value with the available AADT values (in the most current and future years) using the

following equation:

1
FT (o~
_ FY-CY"  _
A=[( CT ) 1]x100 (Equation 3)

where:

A = Annual Growth Rate of Traffic
FT = Future Year AADT (total for both directions) obtained from the project
design designation (HDM 103.1)
CT = Most Current Year AADT (total for both directions) obtained from the
project design designation (HDM 103.1)
FY = Future Year in which AADT is available
CY = Most Current Year in which AADT is available.

Example3.2:

Given:

Future Year AADT (total for both directions) = 18,000 (year 2025)
Most Current Year AADT (total for both directions) = 9,800 (year 2005)

The Annual Growth Rate of Traffic is:

1
G —o)
[(%) 2025-2005" _ 1] 100 = 3.09%
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e Speed Limit under Normal Operating Conditions (mph): Enter the posted speed limit

at the project location. If a roadway is being newly built, enter an anticipated speed
limit based on traffic laws. District Traffic Operations can provide a recommendation
if needed.

e Lanes Open in Each Direction under Normal Conditions: Enter the number of lanes

open to traffic in each direction under normal operating conditions of the facility. For
new construction and/or widening of an existing roadway, enter the number of lanes*

that will open after completing the initial construction.

e Free Flow Capacity (vphpl): Enter the number of vehicles per hour per lane (vphph)
under normal operating conditions. Table 6 provides typical values for standard lane
and shoulder widths for various types of terrain. If there are nonstandard lane and
shoulder widths or if it is desired to get a more specific free flow capacity, click the
“Free Flow Capacity Calculator” in RealCost (see Figure 3-5) to open a panel that
calculates free flow capacities based upon the Highway Capacity Manual (1994, 3rd
Ed.). To use the calculator, the following project-specific information is needed:
number of lanes in each direction, lane width, proportion of trucks and buses (for
state highways use % of trucks only), upgrade, upgrade length (for multiple slopes
use the average grade throughout the project), obstruction on two sides, and distance
to obstruction/shoulder width (Where the existing shoulder width is unknown, use the

standard shoulder width as the input).

Note:

An alternate procedure for estimating “Free Flow Capacity” can be found in Appendix 5.

! Using the ultimate lane configuration and entering a “Work Zone Duration” (“Alternative 1,” Figure 3-10) of zero
for the initial construction of each new construction or widening alternative will generate acceptable results of the
analysis of future rehabilitation activities.
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Table 6. Traffic Input Values

Two-Lane Highways Multi-Lane Highways
Type of Terrain Level Rolling Mountainous Level Rolling | Mountainous

Free Flow Capacity (vphpl) 1,620 1,480 1,260 2,170 1,950 1,620
Queue Dissipation Capacity (vphpl) 1,710 1,570 1,330 1,700 1,530 1,270
Maximum AADT Per Lane 40,955 37,390 31,850 53,773 48,305 40,140
Work Zone Capacity (vphpl)™®) 1,050 960 820 1,510 1,360 1,130
Maxi Lenath 7.0 miles if the estimated maximum 5.0 miles if the estimated maximum

ERLELIT) (B BT queue length is longer than 7.0 miles queue length is longer than 5.0 miles
Notes:
* Refer to the calculation procedures included in Appendix 5, "Traffic Inputs Estimation”.
(1) Assumed one lane to be open for traffic in single-lane highways and two or more lanes to be open for traffic in multi-lane highways.

Queue Dissipation Capacity (vphpl): Enter the vehicles per hour per lane capacity of

each lane during queue-dissipation operating conditions. Table 6 provides values for
typical two-lane and multi-lane (in each direction) highways. As an alternative,
estimate the queue dissipation capacity using the procedures for “Queue Dissipation
Capacity” in Appendix 5.

Maximum AADT (total for both directions): Enter the maximum AADT (total for

both directions) at which the traffic growth will be capped. This value recognizes that
there is only so much traffic that can be placed on a roadway in a 24-hour period.
Table 6 provides recommended per lane values for typical two-lane and multi-lane
highways. As an alternative, the volume may be estimated using the procedures for
“Maximum AADT” in Appendix 5.

Maximum Queue Length (miles): Enter a practical maximum length of queue in

miles. Reasonable maximum queue length could be one or two exits prior to the work
zone or an exit that leads to a reasonable alternate route. Queue-related user costs,

which are based upon queue length, will be calculated with this value in cases when
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the RealCost-calculated queue lengths exceed this value. If a project-specific value is
not available, enter seven (7) miles for two-lane highways and five (5) miles for

multi-lane highways respectively.

Note:

Appendix 5 provides an explanation on the demand-capacity model — queuing theory — that RealCost

uses in calculating maximum queue length.

e Rural or Urban Hourly Traffic Distribution: Select “Rural” or “Urban” depending
on the project location. For details on Caltrans roadway classifications, visit the
Division of Traffic System Information website at

http://www.dot.ca.qov/ha/tsip/hpms/Pagel.php.

Once all the traffic data has been input, click the “Ok” button to return to the Switchboard or the

“Cancel” button to start over.

3.3.4 Value of User Time

The “Value of User Time” panel (Figure 3-7) is used to enter the estimated cost applied to an
hour of user time. The dollar value of user time can be different for each type of vehicle and is
used to calculate user costs associated with delay during work zone operations. Enter the
following default values:

e $10.46 per hour for passenger cars.

e $27.83 per hour for single unit trucks.

e $27.83 per hour for combination trucks.
These dollar values are based on the Caltrans’ Cal-B/C model (2004). Once the dollar values
have been entered, click the “Ok” button to return to the “Switchboard” or click the “Cancel”

button to start over.
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Value of User Time

Value of Time for Passenger Cars (§/hour): 10.46

Value of Time for Single Unit Trudks ($/hour): 27.83
Value of Time for Combination Trucks ($/hour): 27.83

Ok ‘ Cancel ‘

Figure 3-7: Value of User Time Panel

3.3.5 Traffic Hourly Distribution

The “Traffic Hourly Distribution” Panel (Figure 3-8) allows adjustment to (or restoration of) the
default values for rural and urban traffic, which are used in converting AADT to an hourly traffic
distribution. If project-specific data is not available, use the California weekday (Monday
through Friday) default values (Figure 3-8). Select the “Traffic Hourly Distribution” button on
the RealCost Switchboard (Figure 3-1) to see the default values. These defult values were
generated from Caltrans traffic count data (April 2005 data by the Division of Traffic

Operations) at selected highway locations and can be used for any location in the State.
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Traffic Hourly Distribution

AADT Rural Inbound Outbound AADT Urban Inbound Outbound
Hour (%) Rural (%) Rural (%) (%) Urban (%) Urban (%)
| o0-1 | 162 | 4.8 [ 512 | 0.2 | a8 | 52
| 1-2 | 13 [ 52.1 [a7.9 | 0.2 | 49.5 | 50.5
| 2-3 [ 13 [ 535 [ 6.5 | 0.58 | 519 | #8.1
| 3-4 [ 152 [ 59.3 [a0.7 | 0.78 | se.3 [ 43.2
| 4-5 [ 2.14 [ 52.1 [ 37.0 | 1.5 | 613 | 3.7
| 5-8 | 3.43 [ 52.8 [a0.2 | 311 | 80.3 | 30.7
| 6-7 | 4.7 [ sa.5 [ 415 | 501 | 58.4 | 416
| 7-8 | 53 [ 57.8 [z | 6.04 | 576 | 424
| &-9 [ 512 [ 56 [24 | 58 [ 559 | 41
| 3-10 [ 51 [ 543 [2s5.7 | 5.46 [ 53.9 | %6.1
[ -1 |52 [ 525 [47.5 | 544 [ 514 | #3.6
[ 11-1z | sas [ 512 [as.8 | 578 | 50,1 | 29.3
| 12-13 | 583 | 0.8 [a8.1 | 6.03 | 29.1 | 50.3
| 13-14 | s [ 512 [ 8.8 | 6.11 | 4.4 | 516
| 14-15 | & [ 50.3 [a0.7 | .52 | 6.3 | 53.7
| 15-16 | 57 [ 4.8 [ 512 | 7.03 | 246 | 55.4
| 185-17 | &3 [[47.5 [ 525 | 7 | 434 | 56.6
| 17-18 | 6.3 [ 45.2 [ 548 | 6.54 | 43.4 | 6.6
| 18-13 | 532 [ 458 [ 54.4 | 535 | 24.4 | 556
| 13-20 | am [ 446 [ 5.4 | 422 | 243 | 55.2
| w-21 | 357 [ 5.6 [5a.4 | 3.54 | 454 | 54.6
| 21-22 | 3.03 [ % [ | 2.35 | 45.9 | 541
| 22-22 | 24 [ 47.1 [ 529 | 218 | 47.2 | 52.8
| 23-24 | 19 [47.1 [ 529 | 14 | 45.1 [ 549
| Total | | 100 | 100
Restore Defaults | Ok ‘

Figure 3-8: Traffic Hourly Distribution Panel with California Weekday Default Values

Note:

Currently the program only contains data for weekday “Traffic Hourly Distribution” which will not fit
alternatives that use weekend closures. Efforts are currently underway to add a weekend “Traffic Hourly
Distribution” to the program. Until the weekend data is included, alternatives that use weekend closures
will need to be run separately from the other alternatives and weekend “Traffic Hourly Distribution” data
will need to be entered manually. California default weekend “Traffic Hourly Distribution” data can be

found in Appendix 7.
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3.3.6 Added Time and Vehicle Stopping Costs

The “Added Time and Vehicle Stopping Costs” panel (Figure 3-9) is used to adjust the default
values for added time and added cost per 1,000 stops. The default values are based upon the
National Cooperative Highway Research Program (NCHRP) Study 133 (1996), Procedures for
Estimating Highway User Costs, Air Pollution, and Noise Effects. These values are used to
calculate user delay and vehicle costs due to speed changes that occur during work zone
operations. The “Idling Cost per Veh-Hr ($)” is used to calculate the additional vehicle operating

costs that result from moving through a traffic queue under stop-and-go conditions.

Added Time and Vehicle Stopping Costs

Added Time per 1,000 Stops (Hours) Added Cost per 1,000 Stops (8) Cost Ezcalation

Ini1:iE'|1|1 SII-:.]?Ed PESCS:PSQEF Si_nrgrﬂuedlzlsnit CD$E||::DH Pascs:;ger Si'nr?LEdinit CD$ELL..:.:0|1 Cnrﬁpagﬁ;rnr:taggp?; IT
| 0 | 0 | 0 | 0 | 0 | o | 0 Baze Year: | 100g
E | 102 | 0.73 | 11 | 27 | 9.25 | 33.62 Current Transp. [
| 1w | 151 | 147 | 2.27 | 883 | 20.72 | 77.49 Companent CF1:
5z (22 s |[B5 [3e 3% | ameve 30
L | 2.48 | 2.3 | 476 | 21.74 | 8.4 | 130.08
S | 2.98 | 3.67 | 6.1 | 28.67 | 63.97 | 256.54 Escalation Factor: [~ 1.24
S | 3.4 | 4.4 | 7.5 | 38.1 | 80.23 | 328.21
G | 3.4 | 513 | o.18 | 4408 | o5.38 | 403.34 Escalate
| a0 | 242 | 587 | 1109 | 52.7 | 113.97 | a82.21
| a5 | 439 | 66 | 13.38 | 62.07 | 130.08 | s62.14
D | 5.37 | 7.33 | 1837 | 72.31 | 14596 | 64241
B | 5.4 | 807 | 2072 | 83.47 | 180.33 | 72177
| 60 | 6.31 | 5.8 | 27.94 | 95.7 | 178.98 | 798.29
B | 6.78 | 5.53 | 31605 | 109.02 | 13534 | 845.64
| | 7.25 | 10.27 | 39.48 | 12361 | 209.06 | 921.03
| 75 | 7.71 | 11 | 473 | 139.53 | 224.37 | sa2.42

80 | 8.17 | 1173 | 57.68 | 156.85 | 240.68 | w8382

IC"II'Ig Cost per Veh-Hr (5:]: | 0.6927 | 0.7681 | 0.8248
Restore Defaults Ok

Figure 3-9: Added Time and Vehicle Stopping Costs Panel
The default values, expressed in 1996 dollars, are adjusted to the current year dollar amounts by

entering the current year and the associated transportation-component Consumer Price Index
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(CPI). The current year will be the year when construction is expected to begin. Table 7 shows
the transportation-component CPI’s collected and projected by the California Department of
Finance. Since the statewide transportation-component CPI’s are not available yet, the U.S.
transportation-component CPI’s (in bold text) can be used. The values for specific areas like Los

Angeles (LA) and San Francisco (SF) can be used for those specific areas.

Example 3.3:

For a 2006 year analysis:

Enter “2006” for “Current Year” and “178.0" for “Current Transp. Component CPI”

Click the “Escalate” button (see Figure 3-9).
The program will update the cost data. To get back to the default values, click the “Restore Defaults”
button.

Note: 1996 is the default base year.

Table 7. Transportation Component Consumer Price Indexes

Year us LA CMSAY | sF cmsA®
1996 143.0 144.3 133.5
1997 144.3 145.2 133.6
1998 141.6 142.6 132.0
1999 144.4 146.8 135.8
2000 153.3 154.2 143.1
2001 154.3 155.3 143.7
2002 152.9 154.5 141.0
2003 157.6 160.3 145.0
2004 163.1 166.5 149.6
2005 175.2 176.2 157.3
2006 178.0 177.1 159.3
2007 177.2 171.6 156.2
2008 & beyond 177.9 167.3 154.1

Notes:
* Source: California Department of Finance, Economic Research Unit
http://www .dof.ca.gov/IHTML/FS_DATA/LatestEconData/FS_Price.htm
(1) LA CMSA (Consolidated Metropolitan Statistical Area): includes counties of Los Angeles,
Orange, Riverside, San Bernadino, & Ventura
(2) SF CMSA (Consolidated M etropolitan Statistical Area): includes counties of Alameda,
Contra Costa, Marin, Napa, San Francisco, San M ateo, Santa Clara, Santa Cruz, Solano, & Sonoma
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3.3.7 Save Project-Level Inputs

To save the project level inputs file, go back to the RealCost Switchboard (Figure 3-1) and select
the “Save Project-Level Inputs” button. RealCost will save the project-level inputs at the
preferred location specified by the user with the user-specified name. The project input file will
be automatically saved with a *.LCC extension. To retrieve the file later, select the “Open

Project Level Inputs” button located on the Switchboard.

Note:

Saving the project-level inputs does not make any changes made to default data in “Traffic Hourly
Distribution” or “Added Time and Vehicle Stopping Costs.” Any of this project-specific data must be
reentered when reopening RealCost. If required, use “Save LCCA workbook as” button to save all

modified level inputs.

3.3.8 Alternative-Level Inputs

The “Alternative 1” and “Alternative 2” (Figure 3-10) panels are identical and are used to input
information for the project alternatives being analyzed Each project alternative can include up to
six future rehabilitation activities (“Rehabilitation 1” through “Rehabilitation 6, see Figure 3-
10”) after the initial construction (i.e., project alternative). The data describing these activities
must be entered sequentially according to the pavement M&R schedule associated with for each
project alternative. For example, “Initial Construction” precedes “Rehabilitation 1” and

“Rehabilitation 3” precedes “Rehabilitation 4, etc.”

Note:

Because many projects will need at least 3 alternatives analyzed to meet the alternative requirements in
Section 2.1 and the program currently can only analyze two alternatives at a time, multiple runs of the
program will be needed to cover all the needed alternatives. Caltrans is currently working with FHWA to

expand the number of alternatives that can be analyzed at once in the program.
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Alternative 1 @

Alternative Description; ] 20-year Rehab (HMA Overlay)

Initial Construction | Rehabilitation 1 | Rehabiitation 2 | Rehabilitation 3 | Rehabilitation 4 | Rehabiitation 5 | Rehabilitation & |

Activity Description: ] 20-year Rehab (HMA Overlay): 0.5 HMA (in two lifts)

Activity Cost and Service Life Inputs

Agency Construction Cost ($1000): m Activity Service Life (years): ]28—4|
User Work Zone Costs ($1000): I—_| {Tnaciive if Liser Costs are fo be Caaulated by Soffware)
Maintenance Frequency {years): Il—_l Agency Maintenance Cost ($1000): 14.8

Activity Work Zone Inputs

Wark Zone Length (miles): 7 Work Zone Duration {days): 3
\Waork Zone Capacity {vphpl): 1510 Work Zone Speed Limit (mph): 55

Mo of Lanes Open in Each Direction Izi

During Work Zone:

Waork Zone Hours

Inbound Cuthound Copy Activity
Start End Start End Mt
First Period of Lane Closure: ] 0 J 74 J 0 ] 24
Second Period of Lane Closure: ] J J ]
Third Period of Lane Closure: ] J J ]
Open. .. Save.., Ok Cancel

Figure 3-10: Typical Alternative Panel ( Alternative 1 shown)

The data inputs required under each activity tab on the panel are described below.

DESCRIPTION

e Alternative Description: Enter a description for the project alternative such as “20-year
Rehab (HMA Overlay).”

e Activity Description: Enter a description for the initial construction or future rehabilitation
activities being considered for each project alternative. For Initial Construction, the activity

description will be the same as the alternative description.
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ACTIVITY COST AND SERVICE LIFE INPUTS

e Agency Construction Cost ($1000): Under the “Initial Construction” tab, enter the total
initial cost in thousands of dollars (engineer’s estimate plus project support costs) for a
project alternative (see Section 2.5.1, “Initial Costs™). For future rehabilitation activities after
the initial construction (project alternative), enter the total rehabilitation costs (construction
cost from table 4 or 5 plus support cost) in thousands of dollars for each future rehabilitation

activity (see Section 2.5.3, “Rehabilitation Costs”).

e Activity Service Life (years): Enter the activity service life of initial construction or that of
future rehabilitation activity to be followed. Refer to Appendix 4 for the appropriate
pavement M&R schedule that shows the activity service lives estimated for the initial
construction and the future rehabilitation activities to be implemented for each project

alternative (see the example in Section 2.5.3, “Rehabilitation Costs™).

e User Work Zone Costs ($1000): This field is inaccessible because the “User Cost
Computation Method” in the “Analysis Options” panel (Figure 3-3) is set to “Calculated”. If
this is not the case, go to “Analysis Options” panel to modify the “User Cost Computation
Method.”

e Maintenance Frequency (years): This input refers to the cyclical frequency of interim,
preventive, corrective, and routine maintenance treatments to follow after the initial
construction or after each future rehabilitation activities. Enter one (1) year as the
“Maintenance Frequency,” because the cost of the maintenance treatments shown in the

M&R schedules have been annualized (see Section 2.5.2).

e Agency Maintenance Cost ($1000): As discussed in Section 2.5.2, “Maintenance Costs,”
this includes the costs of preventive, corrective, and routine maintenance treatments to
preserve or to extend the service life of initial construction and any future rehabilitation
activities. See the example in Section 2.5.3, “Rehabilitation Costs” for details on how to

calculate this cost using the appropriate M&R schedule.
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ACTIVITY WORK ZONE INPUTS

Work Zone Length (miles): This input refers to the length (in miles) of the work zone being
considered for initial construction and for each future rehabilitation activity. The work zone
length should be based on what is allowed from the Traffic Management Plan (TMP) for the
initial construction or historical experience. Note that the Work Zone Length (WZL) is not
necessarily the full length of the project limits. It should be measured from beginning to end
of the reduced speed area where the work zone speed limit will be in effect daily or nightly.
Information and recommendations can be obtained from the District Construction and Traffic
Operations if needed. Note that WZL can change from one activity to the next. If uncertain,
consult the District Construction Unit or the DME regarding the WZL.

Work Zone Duration (days): Refers to the number of days during which the work zone will
be affecting traffic. For example, if the work zone is in effect five days a week for four
weeks, the duration is twenty. Determine the Work Zone Duration (WZD) using the

following formula:

WZD = Lane —miles

(Equation 4)

WZD = Work Zone Duration PR = Productivity Rate

Note:

Several special cases to be aware of:

Continuous lane closures — If a lane is closed for the duration of the contract, it is treated as
a 24-hour closure (from hour 0 to hour 24) for each working day it is closed. Therefore, if
the lane is closed for 3 months the total number of closures is 3 months times 21 work

days per month, for a total of 63 days.

Weekend (55-hour) closures — multiply 2.3 (=55/24) by the number of closures needed in
order to get the number of days needed. This is necessary because the RealCost program
can only analyze closures within a 24-hour period and weekend closures last for over 2

days.

Work not requiring a lane closure — In some instances, lanes can be detoured and work can
be done behind K-rail or other separation from traffic. In this instance, if lanes do not need

to be closed for work done behind the K-rail, the work zone duration (for this work) is zero.
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For initial construction, the work zone duration should be estimated as part of
establishing the critical path method (CPM) schedule for the project. Work Zone
Duration is not the same as the number of working days used to build the project.
WZD is the estimated number of days lane closures are necessary for project
construction work. Use a WZD of zero, for each of the competing alternatives, when
the initial construction is a new construction or a widening. For future rehabilitations, the
estimated work zone must be determined using the total length of pavement structure
work (lane-miles) and the corresponding productivity rate from Table 8 or Table 9 (see

Equation 4).

Tables 8 and 9 provide the estimates of work that can be completed during different
construction windows (nighttime closure, weekend closure, etc.) for typical M&R
strategies for flexible pavements (Table 8) and for rigid and composite pavements (Table
9). These production rates are estimates developed using CA4PRS (Construction
Analysis for Pavement Rehabilitation Strategies) software and assuming typical working
conditions and resource configurations observed in past projects.

Note:
The latest version of CA4PRS and the user manual can be obtained from the Division of Research
and Innovation Web site at:

http://www.dot.ca.qgov/research/roadway/cadprs/cadprs.htm.

Relative to agency costs, user costs can have a major impact on the total life-cycle cost,
so it is important to use the most cost effective traffic management practice possible. In
some cases, such as when comparing flexible and rigid pavement strategies, the most
cost effective traffic management plan may not be the same for all the alternatives (initial
and future rehabilitation) being considered. If the traffic management plan does not
provide a strategy for the initial or future rehabilitation strategy or if the strategy needs to
be checked to be sure it is the most cost effective, the designer can use the construction
traffic analysis software CA4PRS (freeways only) to analyze options or do the following

quick check:
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! Using a WZD = 0 for the initial construction of each new construction or widening alternative and entering the
ultimate lane configuration in “Lanes Open in Each Direction Under Normal Conditions” (“Traffic Data,” Figure 3-
5) will generate acceptable results of the analysis of future rehabilitation activities.

CT

1) Use Equation 5 to calculate the number of closures needed to maximize work

zone length with each construction window.

~ MWZ x2

CN . oR (Equation 5)
CN max = No. of Closures needed for the Maximum
Work Zone Length
MwWZ = Maximum Work Zone Length
PR = Production Rate (lane-mile/closure)

2) Identify those construction windows whose CN max is larger than 1 (Note: if
CNmax Of a particular construction window is less than 1, that traffic

management strategy should not be evaluated further because is not realistic)

3) Use Equation 6 to calculate the total closure time needed for the maximum

work zone length,

=CN__ xCH (Equation 6)

CT max = Total Closure Time Needed for the Maximum Work Zone Length
CN max = No. of Closures Needed for the Maximum Work Zone Length

CH

Closure Hours
4) Identify the construction window with the lowest CT nax. If this strategy is a

plausible traffic management strategy, it can be used in lieu of the one in the
traffic management plan for future rehabilitation activities.
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Note:
If the analysis is done and used for one alternative or future rehabilitation strategy it must be
used for all alternatives and future rehabilitation strategies. This is necessary to assure that

the answers from the analysis are consistent and comparable to each other.

e Work Zone Capacity (vphpl): Enter the vehicular capacity of one lane of the work zone for
one hour. Table 6 provides values for typical two-lane and multi-lane highways. As an
alternative, the capacity may be estimated using the procedures for “Work Zone Capacity” in

Appendix 5.

e Work Zone Speed Limit (mph): This is the expected operating speed within the work zone.
Enter a speed that is 5 mph less than the posted speed limit unless there is an approved
reduced speed limit for the project. Approved reductions in posted speed limits can be found

in the traffic management plan.

e No. of Lanes Open in Each Direction During Work Zone: Enter the number of lanes to be
open when the work zone is in effect. The number of lanes to be open applies to each
direction. This information can be obtained from the traffic management plan or District

Traffic Operations.

e Work Zone Hours: Enter the zone hours using a 24-hour clock (from 0 to 24) during which
the work zone is in effect. Work zone timing can be modeled separately for inbound and
outbound traffic for up to three separate periods during each day. During these hours, road
capacity is limited to the work zone capacity. Work zone hours can be obtained from the
TMP or District Traffic Operations. If the traffic management plan includes variable work
zone hours (lane closures) for the project, use the hours that apply most often to the project as

a whole.
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Table 8. Productivity Estimates of Typical Future Rehabilitation Strategies for Flexible Pavements

Average Lane-mile Completed Per Closure®
Final . Pvmt. Maint. [pajly closure (Weekday)|  Continuous Closure
Surface Future M&R Alternative |Design Life| Service Weeken(:i)
Type (years) Level 5to 7-Hour 8:’05?' 16 hour/day | 24 hour/day ((?f;lso-sl-':;ir)
Closure Closure | Operation® [ Operation®
CAPM
Overlay 5+ 1,2,3 0.63 1.50 2.67 4.83 15.13
HMA
Mill & Overlay 5+ 1,2,3 0.27 0.64 1.02 1.84 5.16
HMA Overlay 5+ 1,2,3 0.42 0.92 1.74 3.17 9.92
W/ OGFC IMill & Overlay 5+ 1,2,3 0.22 0.41 0.78 1.51 4.41
HMA Overlay B 1,2,3 0.42 0.92 1.74 3.17 9.92
w/ RAC Mill & Overlay 5+ 1,2,3 0.22 0.41 0.78 1.51 4.41
Overlay B 1,2,3 0.85 1.99 3505 6.42 20.12
RAC-G :
Mill & Overlay 5+ 1,2,3 0.29 0.79 1.24 2.23 6.21
RAC.G  |overlay 5+ 12,3 0.32 1.16 2.08 3.79 11.87
W/ RAC-O IMill & Overlay 5+ 123 0.24 0.59 0.98 1.77 5.16
Rehabilitation
10 1,2,3 0.28 0.70 1.41 2.72 8.57
Overlay
20 1,2,3 0.18 0.38 1.05 1.91 6.02
HMA
. 10 1,2,3 0.14 0.37 0.48 1.09 3.26
Mill & Overlay
20 1,2,3 0.06 0.26 0.25 0.75 2.19
10 1,2,3 0.23 0.44 1.03 2.08 6.58
Overlay
HMA 20 1,2,3 0.16 0.50 0.63 1.53 4.96
w/ OGFC 10 1,2,3 0.13 0.33 0.40 0.94 2.91
Mill & Overlay
20 1,2,3 0.06 0.24 0.40 0.60 2.03
10 1,2,3 0.23 0.44 1.03 2.08 6.58
Overlay
HMA 20 1,2,3 0.16 0.50 0.63 1.53 4.96
w/RAC 10 1,2,3 0.13 0.33 0.40 0.94 2.91
Mill & Overlay
20 1,2,3 0.06 0.24 0.40 0.60 2.03
10 1,2,3 0.63 1.50 2.67 4.83 15.13
Overlay
20 1,2,3 0.42 0.92 1.74 3.17 9.92
RAC-G
. 10 1,2,3 0.27 0.64 1.02 1.84 5.16
Mill & Overlay
20 1,2,3 0.18 0.31 0.65 1.30 3.77
10 1,2,3 0.42 0.92 1.74 3.17 9.92
Overlay
RAC-G 20 1,2,3 0.32 0.64 1.26 2.34 7.39
w/RAC-0 ] 10 1,2,3 0.22 0.41 0.78 1.51 4.41
Mill & Overlay
20 1,2,3 0.16 0.37 0.54 1.12 3.32
Notes:

UD - Under Development. See Office of Pavement Design for Assistance

* Refer to Appendix 1, "Glossary and List of Acronyms" for definitions of terms used in the table.

* Refer to Appendix 3 for a expanded version of the table.

(1) Production rates in this table are based on representative assumptions that are applied consistantly throughout the table. These rates are only for calculating
calculating future user costs using the procedures in this manual and not for any other purpose. More project specific user costs for some freeway situations
can be obtained fromthe CA4PRS software.

(2) 24-hour continuous closure with 16 hours of operation per day

(3) 24-hour continuous closure with 24 hours of operation per day

(4) 55-hour extended closure over the weekend
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Table 9. Productivity Estimates of Typical Future Rehabilitation for Rigid and Composite

Pavements
Average Lane-mile Completed Per Closure®
TS Maint Daily Closure
F'"a'T}S,;erface Future M&R Alternative DE?E” Service (Weekday) Continuous Clostre Weekend
(vears) | “€¥¢ |5to7-Hour| 10-Hour | 16houriday | 24 hourday (Cs';’f::ir)
Closure [ Closure | Operation® | Operation®®
CAPM
Flexible Overlay 5+ 1,2,3 0.85 1.99 3.55 6.42 20.12
Flexible / -
Composite Flexible Overlay w/ Slab Replacements 4-hr RSC 0.31 1.55 2.91
5+ 1,23
(FO +JPCP SR) 12-hr RSC 1.47 4.45 16.19
" 4-hr RSC 0.14 2.00 4.57
- Concrete Pavement Rehab A® 5+ 12,3
Rigid - 12-hr RSC 0.71 4.14 23.71
Jointed Plain ® 4-hr RSC 0.20 2.80 6.40
Concrete Concrete Pavement Rehab B 5+ 123
Pavement 12-hr RSC 1.00 5.80 33.20
(JPCP) o 4-hr RSC 0.50 7.00 16.00
Concrete Pavement Rehab C 5+ 123
12-hr RSC 2.50 14.50 83.00
X © 4-hr RSC 0.37 212 1.48
Rigid - Punchout Repairs A 5+ 123
. 12-hr RSC 111 4.72 24.01
Continuously
Reinforced Punchout Repairs C© 4-hr RSC 5 123 0.13 0.84 1.60
unchout Repairs + 12,
Concrete P 12-hr RSC 0.68 2.32 8.88
Pavement 4-hr RSC 5+ 0.50 7.00 16.00
-hr . . .
(CRCP)  Ipunchout Repairs C” 123
12-hr RSC 2.50 14.50 83.00
Roadway Rehabilitation
Flexible Overlay w/ Slab Replacement (FO 4-hr RSC 013 0.84 160
+ JPCP SR) 10 123
Flexible Overlay w/ Slab Replacement (FO o
+ JPCP SR) 12-hr RSC 0.68 2.32 8.88
Mill, Slab Replacement & Overlay 4-hr RSC 027 212 448
(MSRO) 10
Mill, Slab Replacement & Overlay 12-hr RSC 111 472 24.01
(MSRO) 123
Flexible / Mill, Slab Replacement & Overlay -
Composite (MSRO) 4-hr RSC 2 0.19 2.01 4.25
Mill, Slab Replacement & Overlay
(MSRO) 12-hr RSC 0.88 4.38 22.94
Crack, Seat, & Flexible Overlay 10 123 0.28 0.70 141 2.72 8.57
(CSFOL) 20 o 0.23 0.44 1.03 2.08 6.58
i i 20 0.10 0.40 0.67 1.23 3.95
Replace with Flexible 12,3
40 0.06 0.30 0.51 0.83 281
4-hr RSC 0.01 0.04 0.18
20 1,23
i . 12-hr RSC 0.10 0.13 0.60
Replace with Composite
4-hr RSC 0.01 0.03 0.15
40 123
12-hr RSC 0.10 0.11 0.50
Rigid - 4-hr RSC 20 123 0.02 0.09 0.18
Jointed Plain 12-hr RSC - 012 0.16 0.70
Concrete Lane Replacement i RSC 002 005 016
-hr . . .
Pavement 40 123
(JPCP) 12-hr RSC 0.10 0.15 0.60
RIgre 4-hrRSC 001 0.03 013
Continuously 20 12,3
Reinforced 12-hr RSC 0.08 0.11 0.50
Lane Replacement
Concrete 4-hr RSC 0.01 0.02 0.12
Pavement 40 123
(CRCPY 12-hr RSC 0.06 0.10 0.40
FO= Flexible Overlay JPCP = Jointed Plain Concrete Pavement SR = Slab Replacement RSC = Rapid Set Concrete CRCP = Continuosly

Reinforced Concrete Pavement

Notes:

UD - Under Development. See Office of Pavement Design for Assistance

* Refer to Appendix 1, "Glossary and List of Acronyms" for definitions of terms used in the table.

* Refer to Appendix 3 for a expanded version of the table.

(1) Production rates are based on the lower end of the representative assumptions for the range and are applied consistantly throughout the table.
These rates are only for calculating future user costs for the procedures in this manual and not for any other purpose.
More project specific user costs for some freeway situations can be obtained from the CA4PRS software.

(2) 24-hour continuous closure with 16 hours of operation per day

(3) 24-hour continuous closure with 24 hours of operation per day

(4) 55-hour extended closure over the weekend

(5) Punchout Repair A involves significant punchout repairs and 0.15' of flexible overlay. Itapplies to continuously reinforced concrete pavements that
had previous punchout repairs and a flexible overlay.

(6) Punchout Repair B involves moderate punchout repairs and 0.15" of flexible overlay. Itapplies to continuously reinforced concrete pavements
where the totoal number of current and previous punchout repairs exceed 4 per mile.

(7) Punchout Repair C involves minor punchout repairs and 0.15' of flexible overlay. Itapplies to continuously reinforced concrete pavements that
where the totoal number of current and previous punchout repairs do not exceed 4 per mile.
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Note:

For weekend closures, enter 0 to 24 on first period line.
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el P || W Begin Alternative
Surface | Design | Service Year gonstruction 5 10 15
Type Life Level
CAPM
Year of Action 0 5 15
. . CAPM Rehab HMA CAPM
Act D t
i ctivity Description HMA 0y HMA
' Activity )
Al | Maint.
Service Life | AMUAIMaIt Cost |0\ 100 |10 | 6,100 5 | 1100
(years) ($/lane-mile)
HMA 5+ -
Year of Action 0 10
L L CAPM CAPM
, Activity Description HMA HMA
Activity .
Service Life | AATHAIMaint Cost | |6 o4 10| 6100
($/lane-mile)
(years)

2)

3)

4)

5)

6)

Identify the future rehabilitation activities (including CAPM and reconstruction) whose

year of action falls before the end of analysis period (20 years for this example.)

(a) 10-year Rehab in Year 5
(b) 5-year CAPM in Year 15

Find the applicable M&R alternative for each future rehabilitation activity (“Future M&R
Alternative” in Table 8 or 9). From Table 8 for the:

(a) 10-year Rehab in Year 5: HMA Overlay or Mill and Overlay;
(b) CAPM in Year 15: HMA Overlay or Mill and Overlay

Find the applicable production rate estimate for each future rehabilitation activity
(from Table 8)

(a) 10-year Rehab in Year 5
e 10-year HMA Overlay (8-12 hours): 0.70 lane-miles/closure

e 10-year HMA Mill and Overlay (8-12 hours): 0.37 lane-miles/closure

(b) 5-year CAPM in Year 15: all the work zone inputs are assumed to be same as for
initial construction

e CAPM (HMA Overlay): 1.50 lane-miles/closure

e CAPM (HMA, Mill and Overlay): 0.64 lane-miles/closure
While the TMP calls for an 8 PM to 6 AM nighttime closure for the initial construction

(CAPM Overlay), the closure window could, and often does, change for future
rehabilitation activities.

Check with Traffic Operations or Construction for an appropriate closure window to use
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To save the alternative-level inputs file, click the “Save” button at the bottom of the

“Alternative” panel (see Figure 3-10). RealCost will save the alternative-level inputs in the
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location and with the name specified by the user. The project alternative-input file will be
automatically saved with a *.LCA extension. To load the file when re-entering RealCost, click

the “Open” button located at the bottom of the “Alternative” panel.

Note:

Be sure to provide the minimum information in all six “Rehabilitation” tabs to avoid an error message. The
minimum inputs are: Activity Service Life, Work Zone Length, Work Zone Capacity, Work Zone Speed
Limit, and No. of Lanes Open in Each Direction During Work Zone. Zero can be entered in the remaining

input fields.

3.5 Input Warnings and Errors

To see a list of missing or potentially erroneous data, click the “Show Warnings” button in the
“Switchboard” (Figure 3-1) before running the analysis. . Note: “Warnings” call attention to
certain inputs that fall out of expected ranges and do not necessarily indicate input errors.
“Errors” are fatal inputs that will prevent the program from running and providing LCCA results.
If “Warnings” or “Errors” occur, it is advisable to recheck inputs and project assumptions to

ensure the analysis is realistic and accurate.
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? T WARNING: Waork Zone Length for Alternative 1, Rehab 6 out of range. :
£ ! WARNING: Expected Life for Alternative 2, Rehab 3 out of range. i
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Figure 3-11: Input Warnings
3.6 Simulation and Outputs
The “Simulation and Outputs” section of the RealCost Switchboard (Figure 3-1) includes buttons

to view deterministic life-cycle cost results and buttons to run simulations of probabilistic inputs.

o Deterministic Results: Click this button to have RealCost calculate and display deterministic
values for both agency and user costs based upon the deterministic inputs. The
“Deterministic Results” panel (Figure 3-12) provides a direct link (“Go to Worksheet”
button) to the “Deterministic Results Excel Worksheet” that contains all the information

needed to investigate the deterministic results.
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Figure 3-12: Deterministic Results Panel
e Simulation: Clicking this button will initiate Monte Carlo simulation of probabilistic inputs.
At present it is not being used.

e Probabilistic Results: Clicking this button will display probabilistic results. At present it is

not being used.

e Reports: Click this button to have RealCost produce a twelve-page report (Figure 3-13) that
shows inputs and results. The last two pages include results of the probabilistic analysis,
which will be blank if no probabilistic inputs are entered.
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RealCost Report

i Mz elm Q|- S

November, 2007

3

RealCost 2.2 Report 8/24/2006 ~
RealCost Input Data
1. Economic Variables
Yalue of Time for Passenger Cars (Fhour) §18.00
Value of Time for Single Unit Trucks ($/hour) §26.00
YWalue of Time for Combination Trucks (§/hour) 534 00
2. Analysis Options
Include User Costsin Analysis Yes
Include User Cost Remaining Service Life Value Y es
Lse Differential User Costs Yes
User Cost Computation Method Calculated
Include Agency Cost Remaining Service Life Value Yes
Traffic Direction Inbound
Analysis Period (Y ears) 55
Beqginning of Analysis Period 2005
Discount Rate (%) 4.0
3. Project Details and Quantity Calcul ations
State Route Highway Star
Project Mame Smoke on the Water
Reqgion M ontreaux
County Deep Purple
Analyzed By Govt Mule
Mileposts
Begin 0.00
End 5.00
Length of Project (miles) 5.00
Comments We all came out to
Montreaux... ... Smoke on the
water. Fireinthe sky .. ..
4. Traffic Data
AADT Construction Year (total for both directions) 200,000
Cars as Percentage of AADT (%) 90.0
Single Unit Trucks as Percentage of AADT (%) 3.0
Combination Trucks as Percentage of AADT (%) 7.0
Annual Growth Rate of Traffic (%) 25
Speed Limit Under Mormal Operating Conditions (mph G5
Mo of Lanesin Each Direction During Marmal Conditions 4
Free Flow Capacity (vphplh 2074
Rural or Urban Hourly Traffic Distribution Urkan
Queue Dissipation Capacity (vphpl) 1818
Maximum AADT (total for both directions) 400,000
Maximum Queue Length (miles) 10.0 -
b

Save As... ‘

Close ‘

Figure 3-13: RealCost Report
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3.7 Administrative Functions

The “Administrative Functions” section of the RealCost Switchboard (Figure 3-1) allows the

user to save, clear, retrieve data, and close the “Switchboard” or RealCost.

e Go to Worksheets: Clicking this button will allow direct access to any input or result

worksheet.

e Clear Input Data: Clicking this button clears the project-level inputs, alternative-level inputs,

and results from the program and the worksheets.

e Save LCCA Workbook As...: Clicking this button allows you to save the entire Excel

workbook, including all inputs and results worksheets, under a user-specified name.

e Exit LCCA: Clicking this button will close RealCost.
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CHAPTER 4 - ANALYZING LCCA RESULTS

Life-cycle cost analysis is a project evaluation tool that compares the economic impacts of
different alternatives. The data and procedures in this manual are not designed to provide cost-
benefit (non-economic) or network level analysis. The goal of this LCCA Procedures Manual is
to provide consistent analysis by making the same assumptions between equivalent alternatives

in order to determine the most cost effective strategy.

The results (dollar values) from LCCA performed using RealCost and this manual should not be
used for project budgeting or estimating. Although life-cycle costs are reported in dollars, the
results should be viewed as a relative comparison of cost effectiveness between the alternatives
analyzed. The costs generated by RealCost are not an estimate of the actual cost to the
Department or the public Life-cycle cost analysis is not a means to predict the future. By using
the same methodology (established by this manual) to analyze alternative pavement strategies
over a given analysis period, most differences between assumptions inherent in the analysis and

future developments are negated by the comparison between alternatives.

To generate reasonable and consistent results, the alternatives being evaluated through LCCA
must provide equivalent benefits, although the costs and scheduled activities between
alternatives will typically vary in amount and timing over the analysis period. For example,
alternatives that only differ in design life or pavement surface type are considered to have
equivalent benefits. Conversely, an alternative that includes widening or increases vehicle
capacity is not equivalent to a strategy that only rehabilitates an existing pavement structure.
Similarly, a preventative maintenance strategy such as a slurry or chip seal is not equivalent to a

pavement rehabilitation overlay that adds design strength to the pavement structure.
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4.1 Status of the LCCA Procedures Manual

This manual includes a variety of tables and data developed for Department users to run the
RealCost program, which was developed by the Federal Highway Administration (FHWA). The
data found in this manual is based on the most accurate information available at this time from
Department historical data, computer modeling, FHWA, the California Department of Finance,
and other sources. Data and modeling improvements will be made from time to time to improve
the user-friendliness of LCCA process and the accuracy of the results. In particular, cost data
will need to be changed periodically due to market fluctuation, inflation, and policy changes.

Future updates of this manual will strive to capture the most accurate information available.

4.2 RealCost

Just as LCCA is a tool for project alternative evaluation, RealCost is a tool for LCCA. As with
any tool, RealCost has limits. It is a software program designed to model actual project
conditions in order to compare the costs of selected alternatives over a given analysis period (the

life-cycle).

Users should be mindful of the “garbage in, garbage out” mentality. How well RealCost models
a project is determined by the complexity of the conditions and the engineering judgment of the
user. To assure the consistency of the analysis and to minimize the amount of time needed to
perform an analysis, data tables for costs, schedules, and user cost inputs have been generated
using existing Department data and other sources. In some cases (such as the Future
Maintenance and Rehabilitation Schedules in Appendix 4), the data in the tables is the only data
to be used for the analysis. In other cases, the data tables are provided as defaults in case more

detailed project specific data is not available (such as in Table 6 or Figure 3-8).

Although data tables and instructions are intended to cover nearly all the situations that may be

encountered with a project, situations will arise that are not covered in the manual. Because
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LCCA involves nearly every aspect of a project, it is advisable to seek out experience within an
office, district, or region to take advantage of institutional knowledge within the Department and
verify any assumptions made as part of the analysis. As with any engineering analysis or
estimate, LCCA calculations should be checked and verified to ensure quality results. At a
minimum, the results should be analyzed for input errors, excessive cost differences between
alternatives, and given a reality check (do the inputs and outputs make sense?). The more time
and care is invested in developing accurate input data, the better the quality of the results.
However, investing more time refining inputs is not always justified since the models in
RealCost may not be sensitive enough to certain variables to change the ultimate conclusion of
the LCCA. Users can try varying inputs and analyzing the results to see if a finer analysis is

warranted.

4.2.1 Project Conditions and RealCost

Despite the numerous inputs in the RealCost program, the geometric and traffic models are
relatively simple compared to typical project conditions. For projects with multiple segments,
routes, or project types (new construction and rehabilitation together), the user should break the
project down and run RealCost separately for each component to get the most accurate results.
For variable closure windows (number of lanes, day of the week, month, traffic direction), and
variable geometrics (number of lanes available), the user may want to break the project down
into multiple segments or scenarios and run RealCost separately for each component to see how
the results change. Given the variable sensitivity of the software model to different inputs, an
alternative solution is to vary the inputs and analyze the results to determine if more in-depth
analysis is necessary. How a project is broken down is subject to the engineering judgment of the
user. Potential methods include adjusting the post mile inputs in RealCost or using a percentage

of the total cost based on relative project lengths or surface area. For variable Traffic
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Management Plan (TMP) requirements, a reasonable assumption may be to use the requirements
that cover the majority of the project while considering whether they are over- or

underestimating user costs.

4.3 Agency and User Costs

LCCA is focused around quantifying two distinct types of costs throughout the project limits
over a given analysis period: agency costs and user costs. Agency costs are estimated using
engineering quantities and historical costs of previous projects (initial project estimate), Table 4
(for existing flexible surfaces) or Table 5 (for existing rigid surfaces), as well as the M&R
Schedules in Appendix 4 of this manual. There are multiple cost inputs aimed at estimating the

direct cost to the Department.

User costs are an estimate of the costs associated with delaying the traveling public during initial
project construction and subsequent maintenance and rehabilitation activities within the analysis
period. They are based on predicted traffic volumes, stage construction, traffic handling, user
delay cost rates, and additional vehicle operating costs. User delay cost is calculated by
multiplying the additional travel time resulting from roadwork by the assigned user delay cost
rate. The additional vehicle operating costs are determined by multiplying the additional vehicle
cost (from speed changes, stops, and idle time) by the assigned dollar value. User costs are

related to project activities but are an indirect cost (not born directly by the Department).
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4.3.1 Limitations of LCCA Results

Aqgency Costs:

In early phases of project development, detailed information is limited, so project
estimates for initial construction costs may not be accurate. The most important need at
this stage is to be sure that the estimates and assumptions used for each alternative are

equivalent and consistent.

The Maintenance and Rehabilitation (M&R) Schedules in Appendix 4 are a model for
planning and scheduling pavement activities. They represent a typical scenario for
maintaining a particular type of pavement based on previously generated Maintenance
decision trees and generally accepted statewide and national practice. The M&R
Schedules assume funds will be available to apply the treatments when needed and
should not be viewed what has actually been done historically or a guarantee of what will

occur in the future.

General inflation is not accounted for in LCCA because it is assumed that inflation will
be the same for all alternatives. This is considered to be a reasonable approach since the
analysis is focused on relative comparison between alternatives. However, future
increases in certain material and labor costs or changes in project requirements may cause
some products or strategies to inflate at a different rate over time. Since it is not possible
to predict how much differential change (if any) may occur, inflation is not accounted for

in the analysis.
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User Costs:

e User costs are sensitive to the assigned user delay cost rate and vehicle operating costs
since they are the only cost components of the estimate. To be consistent in comparing
alternatives, Caltrans uses rates from the Cal-B/C (2004) model developed by the Office

of Transportation Economics in the Division of Transportation Planning.

e User costs are heavily dependent on assumed staging and traffic handling plans (number
of lanes open, closure hours, productivity, number of closures, and especially maximum
queue length), components that are mostly controlled by the contractor and typically vary

throughout project construction.

e The geometric and traffic models in RealCost are relatively simple compared to typical
conditions on most projects, which can greatly affect the prediction of user costs. By
applying the same assumptions to all alternatives, the analysis should provide a
reasonable comparison between alternatives. A more accurate assessment of user costs
can be made for some projects by using the CA4PRS software program, which is
available on the Division of Research and Innovation (DRI) website at

http://www.dot.ca.gov/research/roadway/cadprs/index.htm.

e Variations in future growth, user driving habits, and alternate routes available during

construction can affect the accuracy of user cost estimates.

4.3.2 Comparing Agency & User Costs

The Department currently considers agency and user costs equivalent, but when analyzing
LCCA results it is advisable to compare the individual agency and user costs for each alternative
being considered in addition to the total costs. For projects proposed on highway corridors with

large traffic volumes, user costs can have significantly greater impact than agency costs. User
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costs for each alternative should be compared to determine if there is a disproportionately high or
low impact on users. If an alternative has the lowest agency cost but excessively high user costs,
the traffic management assumptions should be re-examined or an alternative that has somewhat

higher agency costs but much lower user costs may be preferable.

4.3.3 Choosing an Alternative

Due to the assumptions and variability inherent in the LCCA process, alternatives are considered
equivalent if the total LCCA costs for each alternative are within 5% of each other (2% if initial
costs exceed $100 million). Other than the mandatory design standards detailed in Topic 612,
“Pavement Design Life,” of the Highway Design Manual, there is no requirement to choose the
alternative with the lowest total life-cycle cost. Some possible reasons to choose another
alternative include safety, scope, schedule, constructability, environmental, additional benefits
(such as historical material performance), accommodation of future growth or capacity
improvements, or political reasons. Any LCCA project decisions should be justified and

documented in the PID, PR, or other appropriate project document (see PDPM Appendix O-O).

4.4 Projects with Different Pavement Design Lives

When a project has two different pavement design lives within the same project (such as a
widening to last 20 years and an overlay of existing that will last only 5 years), the initial costs
will need to be divided into two (or more) projects representing the costs to do each component
with different pavement design lives and analyzed separately using life-cycle cost analysis. The
results of the separate life-cycle cost analysis will then need to be combined to produce the

overall project result.
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APPENDIX 1: GLOSSARY AND LIST OF ACRONYMS

A. Glossary

Analysis Period: the period of time during which the initial and any future costs for the project

alternatives will be evaluated.

Activity Service Life: the estimated time period that the asset will remain viable for public use

(at or above a minimum level of service).

CApital Preventive Maintenance (CAPM): CAPM consists of work performed to preserve the

existing pavement structure utilizing strategies that preserve or extend pavement service life. See
HDM Index 603.2 and the CAPM Guidelines for further information (DIB 81).

Composite Pavement: pavements comprised of both rigid and flexible layers. Currently, for

purposes of the procedures in the HDM, only flexible over rigid composite pavements are

considered composite pavements.

Continuously Reinforced Concrete Pavement (CRCP): one type of rigid pavement with

reinforcing steel and no transverse joints except at construction joints or paving stops for more
than 30 minutes. CRCP pavements are reinforced in the longitudinal direction, and additional
steel is also used in the transverse direction to hold the longitudinal steel. Due to the continuous
reinforcement in the longitudinal direction, the pavement develops transverse cracks spaced at
close intervals. These cracks develop due to changes in the concrete volume, restrained by the
longitudinal reinforcement steel, resulting from moisture and temperature variation. Crack width
can affect the rate of corrosion of the reinforcing steel at the crack locations when water or de-
icing salts (if used) penetrate the cracks. In a well-designed CRCP, the longitudinal steel should

be able to keep the transverse cracks tightly closed.

Crack, Seat, and Flexible Overlay (CSFOL): A rehabilitation strategy for rigid pavements.

CSFOL practice requires the contractor to crack and seat the rigid pavement slabs, and place a

flexible overlay with a pavement reinforcing fabric (PRF) interlayer.

Flexible Pavement: Pavements engineered to transmit and distribute traffic loads to the

underlying layers. The highest quality layer is the surface course (generally asphalt binder

mixes), which may or may not incorporate underlying layers of a base and a subbase. These
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types of pavements are called “flexible” because the total pavement structure bends or flexes to

accommodate deflection bending under traffic loads.

Hot Mix Asphalt (HMA): formerly known as asphalt concrete (AC), is a graded asphalt concrete

mixture (aggregate and asphalt binder) containing a small percentage of voids which is used
primarily as a surface course to provide the structural strength needed to distribute loads to

underlying layers of the pavement structure.

Hot Mix Asphalt with Open Graded Frictional Course (HMA w/ OGFC): an open graded asphalt

concrete wearing course on top of a graded asphalt concrete mixture (aggregate and asphalt

binder) containing a small percentage of voids which is used primarily as a surface course to
provide the structural strength needed to distribute loads to underlying layers of the pavement

structure.

Hot Mix Asphalt with Rubberized Asphalt Concrete (HMA w/ RAC): is a rubberized asphalt
concrete wearing course on top of a graded asphalt concrete mixture (aggregate and asphalt

binder) containing a small percentage of voids which is used primarily as a surface course to
provide the structural strength needed to distribute loads to underlying layers of the pavement

structure.

Jointed Plain Concrete Pavement (JPCP): one type of rigid pavement, also referred to as Portland

Cement Concrete Pavement (PCCP), constructed with longitudinal and transverse joints. JPCPs
do not contain steel reinforcement, other than tie bars and dowel bars. JPCPs are doweled in the
transverse joints to improve load transfer and prevent faulting of the slabs from occurring. Tie

bars are used in the longitudinal joints to hold adjoining slabs together.

Lane Replacement: the removal of individual slabs (or panels) of concrete pavement with the

total length of consecutive slabs is greater than 100 feet.

Maintenance Service Level (MSL): Caltrans uses a three class system, termed 'Maintenance

Service Level' (MSL), to distinguish the role various highways within the state highway network.

e MSL 1 - Contains route segments in urban areas functionally classified as Interstate,
Other Freeway/Expressway, or Other Principal Arterial. In rural areas, the MSL 1
designation contains route segments functionally classified as Interstate or Other

Principal Arterial
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e MSL 2 — Contains route segments classified as an Other Freeway/Expressway, or Other
Principal  Arterial not in MSL 1, and route segments functionally classified as minor

arterials not in MSL 3

e MSL 3 - Indicates a route or route segment with the lowest maintenance priority.
Typically, MSL 3 contains route segments functionally classified as major or minor
collectors and local roads, route segments with relatively low traffic volumes. Route

segments where route continuity is necessary are also assigned MSL 3 designation.

The MSL can be found in the Pavement Condition Report developed by maintenance at:
http://onramp.dot.ca.gov/hg/maint/roadway_rehab/index.htm .

Pavement: The planned, engineered system of layers of specified materials (typically consisting
of surface course, base, and subbase) placed over the subgrade soil to support the cumulative
traffic loading anticipated during the design life of the pavement. The pavement is also referred

to as the pavement structure and has been referred to as pavement structural section.

Open Graded Frictional Course (OGFC): Formerly known as open graded asphalt concrete

(OGAC), OGFC is a wearing course mix consisting of asphalt binder and aggregate with
relatively uniform grading and little or no fine aggregate and mineral filler. OGFC is designed to

have a large number of void spaces in the compacted mix as compared to hot mix asphalt.

Pavement Design Life: The period of time that a newly constructed or rehabilitated pavement is

engineered to perform before reaching a condition that requires pavement (CAPM). Also known
as terminal serviceability. The selected pavement design life varies depending on the
characteristics of the highway facility, the objective of the project, and projected traffic volume
and loading. See HDM Topic 612 for more information.

Rapid Strength Concrete: Use to replace concrete slabs and lanes during short construction

windows where conventional portland cement concrete will not have time to cure and gain

strength.

Rehabilitation: work undertaken to extend the service life of an existing facility. This includes
placement of additional surfacing and/or other work necessary to return an existing roadway,
including shoulders, to a condition of structural or functional adequacy, for the specified service

life. This might include the partial or complete removal and replacement of portions of the
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pavement structure. Rehabilitation work is divided into pavement rehabilitation activities and

roadway rehabilitation activities

Remaining Service Life Value (RSV): The value of the activity service life that remains in a

project alternative beyond the end of the analysis period.

Rigid Pavement: pavements with a rigid surface course (typically Portland cement concrete or a

variety of specialty cement mixes for rapid strength concretes), which may incorporate
underlying layers of stabilized or non-stabilized base or subbase materials. These types of
pavements rely on the substantially higher stiffness rigid slab to distribute the traffic loads over a
relatively wide area of underlying layers and the subgrade. Some rigid slabs have reinforcing
steel to help resist cracking due to temperature changes and repeated loading.

Rubberized Asphalt Concrete (RAC): a material produced for hot mix applications by mixing

either asphalt rubber or rubberized asphalt binder with graded aggregate. RAC may be dense-
(RAC-D), gap- (RAC-G), or open- (RAC-O) graded.

Rubberized Asphalt Concrete-Gap Graded (RAC-G): a gap graded mixture of crushed coarse and

fine aggregate, and of paving asphalt that are combined with specified percentages of granulated
(crumb) reclaimed rubber. RAC-G can be used as either a surface course or a non-structural

wearing course.

Rubberized Asphalt Concrete Open Graded (RAC-0): same as RAC-G, except RAC-O is used

only as a non-structural wearing course.

Slab Replacement: the removal of individual slabs (or panels) of concrete pavement with the

total length of consecutive slabs is 100 feet or less.

Terminal Serviceability: the condition of the pavement at the end of its pavement design life. In

California, this is defined as the pavement rehabilitation (CAPM).
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B. List of Acronyms

BCA = Benefit-Cost Analysis

Caltrans = California Department of Transportation
Cal-B/C = California Life-Cycle Benefit/Cost Model
CAPM = CApital Preventive Maintenance

CRCP = Continuously Reinforced Concrete Pavement
FHWA = Federal Highway Administration

HDM = Highway Design Manual

HMA = Hot Mixed Asphalt

JPCP = Jointed Plain Concrete Pavement

LCCA = Life-Cycle Cost Analysis

M&R = Maintenance & Rehabilitation/Reconstruction
MSL = Maintenance Service Level

OGFC = Open Graded Friction Course

PA&ED = Project Approval & Environmental Document
pcphpl = passenger cars per hour per lane

PDPM = Project Development Procedures Manual
PID = Project Initiation Document

PR = Project Report

RAC = Rubberized Asphalt Concrete

RAC-O = Rubberized Asphalt ConcreteOpen Graded
RSL = Remaining Service Life

TI = Traffic Index
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vph vehicles per hour

vphpl vehicles per hour per lane
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APPENDIX 2: LIST OF REALCOST LIMITATIONS AND BUGS

A. Notes:

RealCost appears to calculate salvage value based on a round-down if activity service life is a

decimal of less than 0.5 year. Don’t use decimals in this the activity service life

When all the rehabilitation tabs are not used, copy the last rehabilitation tab in the remaining
empty rehabilitation tabs. RealCost will not use all tabs within an alternative; it will only use in

the calculation the tabs up through the end of the analysis period.

When saving the project-level inputs file, RealCost will not save the escalation in the *““Added
Time and Vehicle Stopping Costs™ panel (Figure 3-9). Escalate these values every time RealCost

is re-started.

B. Limitations to the Program:

RealCost only allows for six subsequent maintenance/rehabilitation activities in the life-cycle of
an alternative. Note, the maintenance and rehabilitation schedules do not list more than six

maintenance/rehabilitation subsequent activities.

RealCost can only analyze two alternatives at once. To analyze multiple alternatives, run the

program enough times to analyze each alternative and manually compare the cumulative results.
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APPENDIX 3: PRODUCTIVITY ESTIMATES OF TYPICAL M&R STRATEGIES

Intentionally left blank
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APPENDIX 4: TYPICAL PAVEMENT M&R SCHEDULES FOR CALIFORNIA

The following pavement M&R schedules are the consolidation of the “Pavement M&R Decision
Trees” (used for activity scheduling) included in Caltrans district offices’ ten-year pavement
plans. Currently, each Caltrans district office has its own set of pavement decision trees, most of
which have different sequences of pavement M&R activities, depending on route class
(alternatively known as maintenance service level) and pavement type. The following
compilation of California-specific pavement M&R schedules has been developed to simplify the
selection of a pavement M&R schedule for the LCCA.

The categorization of these California-specific pavement M&R schedules was based on four
factors: the climate region, maintenance service level, existing pavement/final surface type, and
initial M&R strategy (i.e., project alternative). The nine climate regions shown in Figure A4-1
are grouped into the five climate regions (i.e., Coastal, Inland Valley, High Mountain & High
Desert, Desert and Low Mountain & South Mountain; see Table 19), and the pavement M&R

decisions applicable to these five climate regions are collected from the district offices.

Table 14. Caltrans Climate Region Classification

Caltrans Climate
Regions

Climate Regions
for Pavement
M&R Schedules

North Coast

Central Coast All Coastal
South Coast
Inland Valley Inland Valley
High Mountain High Mountain and
High Desert High Desert
Desert Desert

Low Mountain

South Mountain

Low Mountain and
South Mountain
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Figure A4-1. Map of Caltrans Climate Regions
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If a pavement decision tree for a particular pavement type was not available for a particular
climate region, a similar decision tree from another region was utilized. For pavement decision
trees for products with limited to no examples available in California (such as continuously
reinforced concrete pavement), information from national sources and other states with similar
climates/products was used.

Remaining Service Life (RSL)

When doing a widening project with a RSL alternative that is different from the values in the
M&R Schedules, the life of the initial activity must be adjusted to reflect the difference in
pavement design life. So for example, if a widening project has a RSL alternative of 25 years,
and the life of the initial activity in the M&R schedule for a 20-year pavement design life is 23
years, then the initial activity period that should be entered into RealCost should be 28 years (23

+ 5 from difference in remaining life of existing pavement to theoretical 20-year pavement.)
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TABLE F-1

All Coastal Climate Regions
HOT MIX ASPHALT PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

el W | L Begin Alternative
S | Do | Serwims Tear gjﬂsmm 5 10 15 20 25 30 35 40 45 50 55
Type Life Level
New Construction/Reconstruction
Year of Action 0 20 25 335 40 50
Dt Docerion New/ CAPM Fehab HMA CAPM Fehab HMA CAPM
7 ® Reconstrct HMA (10 y1) HhA (10 y1) JEITEY
Activity
Anmal Maint, Cost
Service Life (;ﬂ'lan::]ﬂe)os 20 | 3300 5 L100 | 10| 2600 5 L100 | 10| 5500 5 1,100
12 years)
: Year of Action 0 20 25 45 50
Dt Docerion New/ CAPM Fehab HMA CAPM Rehab HMA
A 20 7 ® Reconstrct HMA (20 yr) HhA (20 y1)
Activity
Anmal Maint, Cost
Service Life (;nm::ﬂe) “ a0 | 3300 5 L100 | 20| 2800 5 L1000 | 20| 2500
(years)
Year of Action 0 20 30 40 45
Activity Description New/ CAPM CAPM CAPM Lane Replace
3 7 ® Reconstrct HMA HhA HhA (20 yr)
Activity
Anmal Maint, Cost
Service Life (;nm::ﬂe) “ a0 | 3300 10| 6100 10| 6100 5 L1000 | 20| 3300
(vears)
CAPM
Tear of Action 0 5 15
Activity Description c Fehib CAPM
15 HMA (10 y) HMA
: Actvity .
Anmal Maint, Cost
Service Life (;ﬂan:‘;‘ﬂe)"s 5 1100 | 10| &100 5 1,100
(years)
A "
3 Tear of Action 0 10
Activity Description CAPM CAPM
. i HMA HhA
Actvity .
Service Life Aﬁ;ﬁiﬁgm 0| 6200 10| 6100
(vears)
Rehabhilitation
Year of Action 0 10 15 = 30 40 13
Aty Descrpion Rehab HMA CAPM Fehab HMA CAPM Fehab HMA CAPM Rehab HMA
I {10 y) HMA 10y HMA 10y HMA (10 )
Activity .
Al Mait, Cost
Service Life (;ﬂmeﬂﬂ&)"s 0| 2600 5 L100 | 10| 5500 5 1200 | 10| 5500 5 L1000 | 10| 5500
(years)
Tear of Action 0 20 25 45 50
Aty Descrpion Rehab HMA CAPM Fehab HMA CAFM Rehab HMA
-_ 20 y1) HMA 20y HhA (20 )
Activity .
Al Mait, Cost
Service Life (;ﬂan::'nﬂg) 20| 2500 5 L100 |20 | 2500 5 L100 |20 | 2300
0 | 123 |l
Tear of Action 0
Activity Description NewR "
o s Select a schedule for New Construction/Reconstruction from this M&R schedule
S“ “zf Anal Maint Clost
e e (F/lane-mile)
[gears)
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TABLE F-1
All Coastal Climate Regions
HOT MIX ASPHALT W/ OGFC PAVENMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final Dvmat | Maint
Surface | Desiga | Service Year Begjn‘:ifxz:ve 5 10 15 20 25 30 35 40 45 s0 55
Type Life Level
New Construction/ nction
Fear of Action ] 22 32 g 54
ctivity Descrintion New ! CAPN A wil Rehab FIMA w/f CAPM EIMA wf Rehab FIMA wil
i i Reconstret OGFC OGFC (10 1) OGFC OGFC (1031
Activity
Service Life An"(;;l Mm:; ?"St 22 2,300 10 3,700 12 4,000 10 3,700 12 4,000
e -mile
(vears)
1.2 Fear of Action, a 22 3z 54
ctivity Descrintion New / C AP EIMA wl Rehab FIMA w/! CADIL HMA w/
20 i ! Reconstret oGFC OGFC (20 y1) OGFC
A ctivity
Annual Maint. Cost
Service Life (:nmeTme) o 22 2,300 10 3,700 22 3,600 10 3,700
(vears)
Tear of Action a 22 32 4z 52
rotivity Desoription New/ C AP EINLA wl CAPM EDVLA wi CADM EDMLA wi Lane Replace
A wf 2 v Reconstret OGFC OGFC OGFC (20 )
OaFC B ctivity
Service Life ;‘:;’E‘:;;“t 2z 2,300 10 3,700 10 6,800 10 6,800 2z 2,300
Cyears)
Tear of Action a 40 50
oty D N New s CAPM EIMLA wi Rehab EIMLA wi
ctivity Description
. i Reconstret OGFC OGFC (20-y1)
: Activity
Service Life ““‘(;jllaiia‘:;;“t 40 5,200 10 3,700 22 2,300
40 (years)
Tear of Action a 40 50
ctivity Description New /! CAPNM EIMA wi CAPN HMA wf
5 i il Reconstret OGFC OGFC
Activity
Service Life ‘““’(‘El] Ma’::l ?“t 40 5.200 10 3,700 10 3,700
e -mile
(years)
CAPM
Tear of Action ] 10
oty D N CAPM HMA w/ Rehab EIMLA wi
ctivity Description
. ! OGFC OGFC (10 y1)
: A ctivity
Service Life ““‘;‘;‘11 Ma‘::]l “est | 10 2,700 12 4,000
HLA wi . (years) (Bflane-rmle)
OGFC Tear of Action a 10
Activity Description CAPM HMA w/ CAPD LA w/
5 i il OGFC OGFC
Activity
Service Life ‘““’(‘El] Ma’::l ?“t 10 3,700 10 6,800
e -mile
(years)
Rehabilitation
Tear of Action ] 1z 22 =4 44
ctivity Description Rehah HMA w/ O GFC CAPI HIMA w/ Rehab HIMA w/ CAPM VLA wi Rehab EIA w/
10 Las ! ao ) OGFC OGFC (10 32) OGFC OGFC (10 1)
i A ctivity
Annual Maint. C
Service Life (;ﬂan:‘:;ej bl P 4,000 10 3,700 12 4.500 10 3,700 12 4,500
(years) -
Fear of Action a 22 32 54
Aetivity Drecoription Rehah HMA w OGFC CAPN EIMA wil Rehab HIMA w/ CAPI HMA wi
i i OGFC OGFC (20 1) OGFC
Activity
Service Life ‘““’(‘El] Ma’::l ?“t 22 2,300 10 4,000 22 3,200 10 4,000
e -mile
20 1,23 (years)
Fear of Action, a
Auctivity Description Tew
HILA o Reconstrct - N N
OGEC Select a HMA w/f OGFC schedule for New Construction/Reconstruction from this M&R schedule
. At.m’“g o mial Maint. Cost
ervice Life
(/lane-mile)
(vears)
Fear of Action, o 40 50
Rehah HMA w/ O GFC CAPM EIMA wi Lane Replace
Activity Description pgisiugin @0 70
A ctivity
Service Life ““‘;ﬁiaf:;;“t 40 5,700 10 3,700 40 5,700
40 1,2,3 (years)
Year of Action, o
Activity Description R ew ; .
econstrc . . .
o Select a HMA w/ OGFC schedule for New Construction/Reconstruction from this M&R schedule
| Annual Maint Cost
Service Life Vo eles
(years)
2o
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TABLE F-1
All Coastal Climate Regions
HOT MIX ASPHALT W/ RAC PAVENMIENT MAINTENANCE AND REHABILITATION SCHEDULE
Figaeil Bt || D Eoss Al
Surface | Design | Service Year 5 10 15 20 25 30 35 40 45 50 55
Construction
Type Life Lewel
New € ion/R.
Year of Action ] 23 33 46
A ctivity Description New ! CAPN HIMA wf Rehab HIMA wf CAPNM HIMA wi
Reconstret RAC RAC (10 3y RAC
Activity | Annual Maint. Cost
Service Life | ($/ane-mile) over | 23 2,700 10 3,500 13 2,300 10 3,500
e (years) | Activity Service Life
- Tear of Action ] 23 33
A ctivity Description New ! CAPN HIMA wf Rehab HIMA wf
20 Reconstret RAC RAC (20 y1)
Activity | Annual Maint, Cost
Service Life | ($/ane-mile) over | 23 2,700 10 3,500 23 3,500
(years) | Activity Service Life
Tear of Action ] 23 33 43 53
Activity Description New ! CAPN HIMA wf CAPN HIMLA wi CAPN HMA wi Lane Replace
HIMA wi 5 Reconstret RAC RAC RAC (20 v
RAC A ctivity _Annual Maint. Cost
Service Life | ($/ane-mile) over | 23 2,700 10 3,500 10 6,500 10 6,500 23 2,700
(years) Activity Service Life
Tear of Action ] 40 50
A ctivity Description New ! CAPN HIMA wi Rehab HIMA w/
12 Reconstret RAC RAC (20 3r)
Activity | Annual Maint. Cost
Service Life | ($/ane-mile) over | 40 4,000 10 3,500 23 2,700
40 (years) | Activity Service Life
Tear of Action ] 40 50
A ctivity Description New ! CAPN HIMA wi CAPNM HIMA wi
3 Reconstret RAC RAC
Activity | Annual Maint. Cost
Service Life | ($/ane-mile) over | 40 4,000 10 3,500 10 3,500
(years) | &ctivity Service Life
CAPM
Tear of Action ]
A ctivity Description CAPM HMA w/ Rehab HhLA wi
12 RAC RAC (10 yo)
Activity | Annual Maint. Cost
Service Life | ($/ane-mile) over | 10 3,500
HMLA wl . (years) | Activity Service Life
RAC Tear of Action ]
Activity Description CAPME HILA wr
3 RAC
Activity | Annual Maint. Cost
Service Life | ($/ane-mile) over | 10 3,500
(rears) Mctivity Service Life
Rehabilitation

Year of Action ] 13 23 36 46
o ctivity Description Rehab HMA w/ RAC C AP HIMA wi Rehab HIMA w/ C AP HMA wh Rehab HIMA w/
10 123 i p ao RAC BAC (10 y1) RAC RAC (10 31
o A ctivity Anmual Maint. Cost
Service Life | ($lane-mile) over | 13 3,100 10 3.500 13 5,000 10 3,500 13 5,000
(years) | & ctivity Service Life
Year of Action ] 23 33
Rehab HMA w/ RAC CAPM HMA w/ Rehab HIMA wf
Activity D i
ctivity Description @03 P o 20 90
Actvity | Annual Maint Cost
Service Life | (f/lane-mile) over | 23 3,500 10 3,500 23 3,500
20 123 (years) | & ctivity Service Life
Tear of Action a
" Activity Description Hew !
HILA w Reconstret : : .
RAC Select a HMA w/ RAC schedule for New Construction/Reconstruction from this M&R schedule
Actvity | Annual Maint Cost

Service Life | ($/lane-mile) over
(years) | Activity Service Life

Tear of Action ] 40 50
Rehah HMA wf RAC CAPI HMLA wi Lane Replace
Activity Description @0 v - @0 95
Activity | Annual Maint, Cost
Service Life | ($/ane-mile) over | 40 4,800 10 3,500 40 4,000
40 123 (years) | Activity Service Life
- Year of Action 5]
New !
Activity D i
chivity Deserption Reconstret

Select a HMA w/ RAC schedule for New Construction/Reconstruction from this M&R schedule
Actvity | Annual Maimt Cost

Service Life | ($/ane-mile) over
(years) | Activity Service Life
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TABLE F-1
All Coastal Climate Regions
RUBBERIZED ASPHALT CONCRETE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE
Final Pomt: | Mant Begin Alternative
Surface | Design | Service Year . 5 10 15 20 25 30 35 40 45 50 55
Construction
Type Life Level
New Construction/Reconstruction
Tear of Action 0 22 28 40 46
Activity Description New/ CAPM Rehab RAC CAPM Rehab RAC
Reconstrct RAC (10 y1) RAC (10 y1)
Actvity | Annual Mamt. Cost
Service Life | ($llane-mile) over | 22 2,200 ) 300 12 1,900 ) 300 12 4,200
12 (years) | Actwity Service Life
: Tear of Action 0 22 28 50
Activity Description New/ CAPM Rehab RAC CAPM
RAC 20 Reconstret RAC (20 yr) RAC
Activity | Annual Maint. Cost
Service Life | ($/lane-mile) over 22 2,200 6 00 22 2,500 [ 800
(years) | Actwity Service Life
Tear of Action 0 22 32 42 51
Activity Description New / CAPM CAPM CAPM Lane Replace
3 Reconstret RAC RAC RAC (20 yr)
Activity | Annual Maint. Cost
Service Life | ($lane-mile) over | 22 2,200 10 4,100 10 4,000 9 4,400 22 2,200
(vears) Actvity Service Life
CAFM
Tear of Action 0 & 18
Activity Description CAPM Rehab RAC CAPM
12 RAC (10yr) RAC
Activity | Annual Maint. Cost
Service Life | (Plane-mile) over 6 400 12 1,500 & 800
RAC 54 (years) | Actwity Service Life
Tear of Action 0 10
Activity Description CAPM CAPM
3 RAC RAC
Actvity | Annual Mamt. Cost
Service Life | ($/lane-mile) over 10 4,000 10 4,100
(years) Actvity Service Life
Rehahilitation
Tear of Action 0 12 18 30 36 43 54
Activity Descrigtion Rehah RAC CAPM Rehab RAC CAPM Rehab RAC CAPM Rehab RAC
0 123 (10 y1) RAC (10yr) EAC (10yr) RAC (10 y1)
Activity | Annual Maint. Cost
Service Life | (Blane-mile) over | 12 2,200 6 900 12 4,200 & 3,500 12 4,500 & 900 12 4,200
(years) | Activity Service Life
Year of Action 0 22 28 50
A ctivity Description Rehah RAC CAPM Rehab RAC CAPM
RAC 20 y1) RAC (20 yr) RAC
Activity | Annual Maint. Cost
Service Life | ($lane-mile) over 22 2,500 & 00 22 2,900 & Q00
20 123 (years) | Actwity Service Life
Tear of Action 0
Activity Description R::::;;ct . . .
_ Select a RAC schedule for New Construction/Reconstruction from this M&R schedule
Actvity | Annual Mamt. Cost
Service Life | (Plane-mile) over
(years Actwity Service Life
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TABLE F-1
All Coastal Climate Regions
RUBBERSIZED ASPHALT CONCRETE W/ RAC-O PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final | Pumt | DMaint Begin Alternative
Surface | Design | Service Year C ometrietion 10 15 20 25 35 40 45 50 55
Type Life Level
New Constuction/Reconstruction
Vear of Action 0 24 35 EE]
Activity Description New/ CAPI RAC w/ Eechabt RAC w/ CAPI RAC w
Reconstret RAC-O RAC-O (10 y13 RAC-O
A ctivity Annual IMaint. Cost
Service Life [ ($dane-mile) over | 24 2,700 11 3,100 14 2,500 11 3,100
12 (years) Activity Service Life
: Tear of Action 0 24 35
i ctivity Description New ! CAPM RAC w/f Rehab RAC w/f
20 Reconstret RAC-O RAC-O (20 yr)
A ctivity Annual Maint, Ceost
Service Life | ($dans-mile) over | 24 2,700 11 3,100 24 1.900
(years) Activity Service Life
Tear of Actien [ 24 35 46
A ctivity Description New / CAPM RAC wf CAPM RAC wf CAPM RAC wf
EAC w/ 5 Reconstret RAC-O RAC-O REAC-O
RAC-O A ctivity Annual Maint. Cost
Service Life | ($dane-mile) over | 24 2,700 11 2,100 11 7,000 11 7,000
(years) Activity Serwice Life
Tear of Action 0 40 51
Auctivity Description New/ CAPM RAC wi Eehab RAC wf
12 Reconstret RAC-O RAC-O
A ctivity Anmual IMaint. Cost
Service Life [ ($/dane-mile) sver | 40 3,800 11 3,100 24 1,900
a0 (years) Activity Serwice Life
Tear of Action 0 40 51
A ctivity Description New ! CAPM RAC wi CAPM RAC w/f
3 Reconstret RAC-O RAC-O
A ctivity Annual Maint. Cost
Service Life [ ($dane-mile) over | 40 3,800 11 3,100 11 7.000
(years) Activity Service Life
CAPM
Tear of Action 0 11
. ctivity Description CAPM RAC w/ Rehab RAC w/
12 RAC-O RAC-O (10 7
A ctivity Annual Maint, Ceost
Service Life | ($/lane-mile) over 11 3,800 14 3,100
RAC w/ P (years) Activity Service Life
RAC-O Tear of Actien [ 11
A ctivity Description CAPM RAC wr CAPM RAC wi
5 RAC-O RAC-O
A ctivity Annual Mant. Cost
Service Life | ($/lane-mile) over 11 2,800 11 7,000
(years) Activity Serwice Life
Rehabi
Vear of Action 5] 14 z5 35 50
A ctivity Description Rehah RAC w/ RAC-O CAPM RAC wi Rehab RAC wi CAPM RAC wi Rehab RAC wi
10 123 €10 yr) RAC-O RAC-O (10 yr) RAC-O EAC-O (10-y1)
A ctivity Annual Maint. Cost
Service Life | ($/lane-mile) over 14 3,300 11 2,300 14 3,300 11 3,300 14 3,300
(years) Activity Serwice Life
Tear of Action 0 24 35
Activity Description Rehah RAC wf RAC-O CAPM RAC wf Rehab RAC wi
(20 ) RAC-O RAC-O (20 y1)
A ctivity Annual IMaint. Cost
Service Life [ ($dane-mile) over | 24 1.200 11 3,300 24 1,900
(years) Activity Service Life
20 123 Tear of Action 0
RAC wr A ctivity Description R::::;;d _ . .
RAC-O e A T o Select a RAC wf RAC-O schedule for New Construction/Reconstruction from this M&R schedule
Service Life | ($/lane-mile) over
(years) Activity Service Life
Tear of Action 8] 40 51
Rehah RAC w/ RAC-O CAPM RAC wi Lane Replace
& ctivity Description 40 31 RAC-O @0 g1y
A ctivity Annual Mant. Cost
Service Life | ($dane-mile) over | 40 5,000 11 3,200 40 2,200
40 123 (years) Activity Serwice Life
Vear of Action 0
Activity Description RET::; ; " . . .
yoes A T Cont Select a RAC w/ RAC-O schedule for New Construction/Reconstruction from this M&R schedule
Service Life | ($/lane-mile) over
(ears) Activity Service Life
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TABLE F-2

Inland Valley Climate Region
HOT MIX ASPHALT PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

] Braat || Wiy Begin Alternative
Surface | Design | Service Tear Clonstmiction 5 10 15 20 25 30 35 40 45 50 55
Type Life Lewel
New Construction’/Reconstruction
Tear of Action 0 13 23 33 38 48 53
Activiy Description New/ CAPM Fehab HMA CAPM Eehab HhA CAPM Fehab HMA
Reconstret Hhdd (10yr) Hhis (10 yr) i (10yr)
Actvity | Annval Mant. Cost
Service Life | (B/lane-mile) over | 18 3,600 5 1,100 10 3,200 3 1,100 10 5,200 5 $1,100 10 5,200
19 (years) Activity Service Lafe
i Vear of Action 0 18 23 41 46
Activity Description New/ CAPM Rehab HMA CAPM Eehab HbA
HMA 20 Reconstret Hhd (20 yr) Hhd (20 1)
Activity | Annual Maint. Cost
Service Life | (Bflane-mile) over | 18 3,600 5 1,100 18 2,700 5 1,100 18 2,700
(years) Activity Service Life
Year of Action 0 13 27 36 43
Activity Description New/ CAPM CAPM CAPM Lane Replace
3 Reconstret HMA HMA HMA (20 y1)
Actwity | Anmual Mamt. Cost
Service Life | (Bflane-mile) over | 18 3,600 g 5,600 b 4900 7 5,700 18 3,600
(years) | Actwity Serwice Lafe
CapM
Year of Action 0 5 15
Activity Description CAPM Rehab HMA CAPM
12 HMA (10 yn) HMA
Activity | Annval Maint. Cost
Service Life | (B/lane-mile) over 5 1,100 10 3,200 5 1,100
A 54 (years) Activity Service Life
Year of Action 0 g 13
Activity Description CAPM CAEM CAEM
3 HMA HMA HA
Actwity | Anmual Mamt. Cost
Service Life | (B/lane-rode) over g 5,600 5,100 7 5,700
(years) | Activity Service Life
Rehabilitation
Tear of Action 0 10 15 25 30 40 45 55
Activity Description Rehab HMA CAPM Fehab HMWA CAPM Eehab HbA CAPM Fehab HMWA CAPM
10 123 (10 y1) HMA (10 y1) HMA (10 1) HhA (10 y1) HMA
Actvity | Annval Mant. Cost
Service Life | (B/lane-mile) over 9 3,200 1,100 10 5,100 5 1,100 10 5,100 5 1,100 10 5,100 5 1,100
(years) Activity Service Life
Year of Action 0 18 23 41 46
Activity Description Rehah HMA CAPM Rehab HMA CAPM Eehab HhA
A (20 y1) HhA (20 yr) HMA (20 yr)
Activity | Annual Maint. Cost
Service Life | (Bflane-mile) over | 18 2,700 5 1,100 18 2,700 5 1,100 13 2,700
20 123 (years) Activity Service Life
Vear of Action 0
Activity Description Ref:r‘lvs;ct . . .
Tty | Pmmal Mo o Select a HMA schedule for New Construction/Reconstruction from this M&R schedule
Service Life | (B/lane-mile) over
ears) LActiiy Sermce Life
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Inland Valley Climate Region
HOT MIX ASPHALT W/ OGFC PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE
Tl Dozt || R Begin Alternative
Surface | Design | Service Tear 5 10 15 20 25 30 35 40 45 50 55
N Constriction
Type Life Level
New Construction/Reconstruction
Tear of Action a 20 23 39 47
Activity Description New /! CAPM HMA wi Eehab HIMA wi CAPM HIMA wi Eehab HILA wi
Reconstret OGFC OGFC (10 y1) OGFC OGFC (10 y1)
Activity | Annual Maint. Cost
Service Life | ($/lane-mile) ower | 20 2,700 2 4,400 11 4,500 2 4,400 11 4,500
1o (yearsy | Activity Service Life
B Tear of Action a 20 23 43
Activity Description New /! CAPM HMA wi Eehab HIMA wi CAPI HMA wf
-0 Reconstret OGFC OGFC (20 1) OGFC
Actwity | Annual Maint. Cost
Service Life | ($/lane-mile) ower | 20 2,700 2 4,400 20 3,600 8 4,400
Cyearsy | Activity Service Life
Tear of Action 4] 20 30 40 50
Activity Description New /! CAPM HMA wi CAPI HMA wf CAPM HIMA wi Lane Replace
FhLA i B Reconstret OGFC OGFC OGFC (20 yr)
CGFC Activity Anrual Wlaint. Cost
Service Life | ($/lane-mile) ower | 20 2,700 10 3,700 10 6,200 10 6,800 20 2,700
Cyearsy | Activity Service Life
Tear of Action 4] 38 48
A ctivity Description New /! CAPM HIMA wi Eehab HILA wi
12 Reconstret OGFC OGFC (20-y1)
Actwity | Annual Maint. Cost
Service Life | (§/lane-mile) over | 38 6,400 10 3,400 20 3,600
40 Cyearsy | Activity Service Life
Tear of Action 4] 38 48
Activity Description New / CAPM HhILA wr CAPHL HMLA w/
3 Reconstrct OGFC OGFC
Actwvity | Annual Maint. Cost
Service Life | (§/lane-mile) over | 38 6,400 10 3,400 10 3,400
Cyearsy | Activity Service Life
CAPM
Tear of Action 4] 8
Eehab HILA wi
s Activity Description CAPM HMA w/ OGFC SEFE (10 1)
’ Activity Anrual Wlaint. Cost
Service Life | ($flane-mile) ower ] 4,400 11 4,100
HhLoow | o, Cyearsy | Activity Service Life
OGFC Tear of Action 4] 10
Activity Description CAPWM HMVA w CAPHL HMLA w/
3 OGFC OGFC
Actwvity | Annual Maint. Cost
Service Life | ($/lane-mile) over | 10 3,700 10 6,800
Cyearsy | Activity Service Life
Rehabilitation
Tear of Action 4] 11 1% 30 38 45
A ctivity Description Rehah HMA wi OGFC CAPM HMA w/ | Rehab HMA w/ CAPI HMA wf Rehab HMA w/ CAPI HMA wf
10 123 a0y OGFC OGFC (10 31 OGFC OGFC (10-31) OGFC
Actwity | Annual Maint. Cost
Service Life | (fflane-mile) ower | 11 4,400 8 4,400 11 6,100 8 4,400 11 6,100 8 4,400
Cyearsy | Activity Service Life
Tear of Action 4] 20 28 48
Activity Description Rehab HAMA w/ OGFC CAPM HhIa wr Eechab HhId wi C AP FILA wi
20 y1) OGFC OGFC (20 w13 OGFC
Actwvity | Annual Maint. Cost
Service Life | (§/lane-mile) over | 20 5,600 3 4,400 20 3,600 8 4,400
Cyearsy | Activity Service Life
20 12,3 Vear of Action ]
Activity Description Wew !
HILA wi Reconstrct . . .
Select a HMA w/ OGFC schedule for New Construction/Reconstruction from this M&R schedule.
OGFC Activity Anmual Maint. Cost
Service Life | ($flane-mile) ower
(yearsy | Activity Service Life
Vear of Action ] 38 46
Rehab HAMA w/ OGFC CAPM HMA w Lane Replace
Activity Description 40 o) OGEC 40 95
Actwvity | Annual Maint. Cost
Service Life |  ($/lane-mile) ower 33 3,200 3 4400 40 6,400
(yearsy | Activity Service Life
40 123 Year of Action a
Aictivity Description RET::;";“
Select a HMA w/ OGFC schedule for New Construction/Reconstruction from this M&R schedule.
Actvity | Annual Mant, Cost
Service Life | ($ane-mile) ower
I grs) An:tiviﬁ Service Life
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TABLE F-2
Inland Valley Climate Region
HOT MIX ASPHALT W/ RAC PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE
el I Begin Alternative
Surface | Design | Service Year S 5 10 15 20 25 20 35 40 45 s0 55
Type Life Lewvel
New Construction/Reconstruction
Year of Action a 21 31 43 53
A etivity Description New /! CAPM HIMA wi Eehab HMA wi CAPM HMA wf Rehab HIMA wi
Reconstret RAC RAC (10 313 RAC RAC (10 y1)
Actiuty | Annual Mant. Cost
Service Life | ($/lane-mile) over | 21 3,000 10 3,700 12 2,900 10 3,700 1z 5,100
1.2 (vears) Activity Serwice Lifie
- Year of Action a 21 31 52
Activity Description New / CAPM HIA wl Eehab HMA wf CAPM HIMA wel
20 Reconstret RAC RAC (20 o) RAC
Actity | Anmual Maint, Cest
Serwice Life ($lane-mile) ower 21 3,000 10 3,700 21 2,000 10 3,700
(years) | Activity Service Life
Year of Action 1] 21 31 41 51
A etivity Description New /! CAPM HIMA wi C AP HIMA wi CAPM HMA wf Lane Replace
HMA wf 3 Reconstret RAC RAC RAC (20 yr)
RAC Activity Anmial Maint. Cost
Service Life |  ($/lane-mile) over | 21 3,000 10 3,700 10 6,200 10 6,300 21 3,000
(years) | Activity Service Life
Vear of Action ] 40 50
A ctivity Description New CAPI HMA wi Eehab HNLA wi
12 Reconstret RAC EAC (20 1)
Activity Anmial Maint, Cost
Service Life |  ($/lane-mile) over | 40 7.200 10 3,700 21 3400
40 (years) | Activity Service Life
Year of Action a 40 S0
b otivity Description New ! CAPM HMA wi CAPM HIMA wi
3 Reconstrct RAC RAC
Activity | Annual Maint. Cost
Service Life |  ($/lane-mile) over | 40 7.200 10 3,700 10 3700
(years) Actiwity Serwice Lifie
CAPM
Year of Action Q
CAPM HMA w/ Rehab HILA wi
Activity Description
12 RAC EAC (1030
Activity Anmual Maint. Clost
Service Life | ($/lane-mile) over | 10 3,700
HMA wh | o (years) | Activity Service Life
RAC Vear of Action a
CAPM HMA wi
Activity Description
3 RAC
Activity | Anmual Meant, Cost
Service Life | ($/lane-mile) over | 10 3,700
(years) Actity Serwice Life
Rehabilitation
Year of Action 1] 12 22 34 44
Activity Description Rehab HMA wf RAC CAPM HILA w/ E.chab HINA w/ CAPM HILA w/ Rehab HILA wi
10 103 Qo) RAC RAC (1031 RAC RAC
Actvity | Anmual Mant. Cost
Serwice Lifs ($Aans-mile) ower 12z 2,500 10 3,700 12 5,100 10 3,700 12 2,900
(years) | Activity Service Life
Vear of Action ] 21 31 52
Activity Description Rehab HMA w/ RAC CAPM HMA w/ Eehab HNLA wi CADM HIMA w/
(20 y0) RAC EAC (20 y1) RAC
Activiey Anmaal Maint. Clost
Service Life | ($/lane-mile) over | 21 3,400 10 3,700 21 2400 10 3,700
ears A ctivity Service Life
20 1.2.3 - )Year ofAtcvnon a
Activity Description New/
HMA e/ Reconstrct : : .
Eac Ty P LY P ppr Select a HMA w/ RAC schedule for New Construction/Reconstruction from this M&R schedule.
Service Life |  ($/lane-mile) over
(vears) Activity Serwice Lifie
Year of Action a 40 S0
Activity Description Rehab HMA wi RAC CAPM HMA wi Lane Replace
(40 y1) RAC 40 yr)
Actity | Anmual Maint, Cest
Service Life ($Aane-mile) ower 40 7.000 10 3,700 40 6,800
cars Activity Serwice Life
40 .23 : )Year ofAtcV;:lon Q
Activity Description RET‘:':;” i i .
Ty Sl T Gl Select a HMA wf RAC schedule for New Construction/Reconstruction from this M&R schedule.
Service Life | ($/lane-mile) over
Gearay | botivivy Sorvice Tife
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TABLE F-2
Inland Valley Climate Region
RUBBERIZED ASPHALT CONCRETE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE
B B || Wiz Eegin Alternative
Surface | Design | Service Tear 5 10 15 20 25 30 35 40 45 50 55
Construction
Type Life Lewel
New Construction/Reconstruction
Vear of Action 0 21 26 37 42 53
T e New / CAPM Rehab RAC CAPM Fehab RAC CAPM
Reconstret RAC (10yr) RAC (10 yr) RAC
Activity Annual Mant. Cost
Service Life | (B/lane-mile) over | 21 2,200 5 1,100 11 2,000 5 1,100 11 4,500 5 1,100
19 (years) Actvity Service Life
! Vear of Action 0 21 26 47 52
Activity Description New/ CAPM Eehab RAC CAPM Eehab RAC
RAC 20 Reconstret RAC (20 9r) RAC (20 9r)
Activity | Annual Maint. Cost
Service Life | (Bflane-mile) over | 21 2,200 5 1,100 21 2,600 5 1,100 21 2,600
(years) Activity Service Life
Year of Action 0 21 30 39 47
Activity Description New/ CAPM CAPM CAPM Lane Replace
3 Reconstret RAC RAC RAC (20 yr)
Actvity | Anmual Maint. Cost
Service Life | ($flane-mile) over | 21 2,200 g 4,400 b 4,400 38 5,100 21 2,200
(years) Actvity Service Life
CAPM
Vear of Action 0 5 16
Activity Description CAPM Eehab RAC CAPM
12 RAC (10y) RAC
Activity | Annval Maint, Cost
Service Life | (B/lane-mile) over 5 1,100 11 2,000 5 1,100
RAC e (years) Activity Service Life
Year of Action 0 9 15
Actwity Description (et e S
3 RAC EAC RAC
Actvity | Anmual Maint. Cost
Service Life | ($flane-raile) over | 9 4,400 b 4,400 5 5,100
(years) | Activity Serwice Lif
Rehabilitation
Tear of Action 0 11 16 27 32 43 43
Activity Description Rehah RAC CAPM Eehab RAC CAPM Fehab BAC CAPM Fehab BAC
10 123 (10 y1) RAC (10y1) RAC (10 yr) RAC (10 yr)
Actvity | Annval Maint, Cost
Service Life |  ($/lane-mile) over | 11 2,000 5 1,100 11 4,500 5 1,100 11 4,500 5 1,100 11 4,500
(years) Activity Service Life
Year of Action 0 21 26 47 52
et Dsstaton Rehab RAC CAPM Eehab RAC CAPM Eehab RAC
RAC (20 y1) EAC 20y RAC 20y
Activity | Annual Maint. Cost
Service Life | (Bflane-mile) over | 21 2,600 5 1,100 21 2,600 5 1,100 21 2,600
o 123 (years) Activity Serwice Life
Vear of Action 0
Activity Description Re?:r‘nvsi’:‘rct . . .
Select a RAC schedule for New Construction/Reconstruction from this M&R schedule.
Activity Annual Mant. Cost
Service Life | (B/lane-mile] over
earsl L Actiiy Sermce Lt
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TABLE F-2
Inland Valley Climate Region
RUBBERIZED ASPHALT CONCRETE W/ RAC-O PAVENIENT MAINTENANCE AND REHABILITATION SCHEDULE
Final Pvmt I aint. B Al e
S | Deossa | Bemes Vear B e 5 10 15 20 25 20 35 40 45 50 55
Construction
Type Life Level
New C. Gon/R.
Tear of Action o 22 32 45
TNew/ CAPMEAC wr Fehab FAC w/ CAPM EAC w/
Activity Description
Reconstrct RAC-O RAC-O (10 yr) RAC-O
Ectivity | Annual IMant. Cost
Service Life (Eflane-mile) ower 22 2,900 10 3,700 13 2,900 10 3,700
1.2 (years) Activity Service Life
- Tear of Action 8] 22 32 54
New / CAPM RAC wf Rehab RAC w/ CAPIM RAC w/
Activity Description
. Reconstret RAC-O BAC-O (20 yr) RAC-O
Activity | Annual Maint. Cost
Service Life | (Blanc-mile) ower | 22 2,900 10 3,700 22 3,800 10 3,700
(vears) | Activity Service Life
Tear of Action o 22 32 4z 52
TNew / CAPMEAC wr CAPM EAC wi CAPM EAC wi Lane Replace
Activity Description
RAC w/ 3 Reconstrct BAC-O RAC-O RAC-O {20 yr)
RAC-O A Ctivity _Annual Maint. Cost
Service Life (bflane-mile) ower 22 2,900 10 3.400 10 6,300 11 6,300 11 6,300
(years) Activity Service Life
Tear of Action 2200 40 50
MNew / CAPM RAC w/f Rehab RAC w/
Auctivity Description
. Reconstret BA&C-O BAC-O (20 yo)
Activity | Annual Maint. Cost
Service Life | (Brlanc-mile) ower | 40 4,900 10 3,700 22 3,800
40 (vears) | Activity Service Life
Tear of Action o 40 50
New / CAPM BAC wf CAPM EAC wr
Activity Description
3 Reconstret RAC-O RAC-O
Eictivity | Annual Iant, Cost
Service Life (bflane-mile) ower 40 4,900 10 3400 10 3,400
(wears) Actvity Serwice Life
CAPM
Tear of Action 8]
CAPM RAC w/ Rehab RAC w/
Auctivity Description
95 RAC_O BAC-O (10 yo)
Activity | Annual Maint. Cost
Service Life | (Blanc-mile) ower | 10 3,400
RACw/ | o (vears) | Activity Service Life
RAC-O Tear of Action o
CAPM RAC w/
Activity Description
3 RAC-O
Eictivity | Annual Iant, Cost
Service Life (bflane-mile) ower 10 3.400
(wears) Actvity Serwice Life
Rehabhilitation
Tear of Action 8] 13 23 36 46
Rehab RAC w/ RAC-O CAPM RAC wf Rehab RAC w/ CAPM RAC w/f Rehab RAC w/
Activity Description
10 123 (10 yx) RAC-O RAC-O (10 yr) RAC-O RAZ-O
o A ctivity Anmual Maint. Cost
Service Life | (Blanc-mile) ower | 13 3,800 10 3,700 13 6,000 10 3700 13 6,000
(vears) | Activity Service Life
Tear of Action o 22 32 54
Rehab RACw/ RAC-O CAPM RAC wr Fehab FAC wi CAPM BAC wf
Activity Description
@20 1) RAC-O RAC-O (20 y1) RA&C-C
Bctivity | Annual Iant Cost
Service Life (bflane-mile) ower 22 3,800 10 3,700 22 3,800 10 3,700
(years) Activity Service Life
20 125 Tear of Action 8]
AC Activity Description R e
_ sconstict Select a RAC w/ RAC-O schedule for New ConstructionfReconstruction from this M&R schedule.
RAC-O Activity | fnnual Maint. Cost
Service Life | (B/lane-mile) ower
(vears) | Activity Service Life
Tear of Action o 40 50
Activity Description Rehab RACw/ RAC-O CAPM BAC wf Lane Replace
0 yx3 RAC-O @0y
Activity | Annual Maint. Cost
Service Life (bflane-mile) ower 40 5,100 10 3,700 40 4,200
40 123 (years) | Activity Service Life
o Tear of Action )
Auctivity Description R Tew /
CCONStrCy Select a RAC w/ RAC-O schedule for New Construction/fReconstruction from this M&R schedule.
Ectivity | fnnual Mant. Cost
Service Life | (Bflanc-mile) ower
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TABLE F-3

Desert Climate Region
HOT MIX ASPHALT PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final Pymt | Maint. Beain Alternative
Surface | Design | Service Year e 5 10 15 20 25 30 35 40 45 50 55
Construction
Type Life Level
New Construction/Reconstruction
Year of Action 0 18 23 32 37 46 51
New/ CAPM Rehab HMA CAPM Rehab HMMA CAPM Rehab HMA
Activity Description
Reconstret HMA (10 yr) HA (10 31) HhLA (10 31)
Activity Antwal Maint, Cost
Service Life | (Bflane-mde) over | 18 3,600 5 1,100 9 5,800 1,100 9 5,800 5 1,100 3 5,800
12 (years) Actvity Service Life
: Year of Action 0 18 23 41 46
New/ CAPM Rehab HMA CAPM Rehab HMA
Activity Description
HMA 20 Reconstret HhLa (20 y1) s (20 y1)
Activity Annal Maint. Cost
Service Lifs |  ($/lane-mile) over | 18 3,600 1,100 18 3,000 5 1,100 18 3,000
(yearsi Activity Service Life
Year of Action 0 18 25 32 38
- - New/ CAPM CAPM CAPM Lane Replace
Activity Description
3 Reconstret HhLa Hha A (20 vr)
Activity Anmal Maint. Cost
Service Life | ($fane-mile) over | 18 3,600 5,700 ) 5,700 6,800 18 3,600
(years ctivity Service Life
CAPM
Year of Action 0 5 14 19
CAPM Eechab HhA CAPM Rehab FMA
Activity Description
1,2 HMA (10 yr) HMA (10 1)
Activity Anmual Maint. Cost
Service Life |  ($/lane-mile) over 5 1,100 5,800 5,800
HMA S+ (years) | Actwity Service Life
Year of Action 0 7
CAPM CAPM
Activity Description
3 HMA HMA
Activity Annal Maint. Cost
Service Life | (Blane-rdle) over | 7 5,700 5,500
(years ctivity Service Life
Rehabilitation
Vear of Action 0 9 14 23 28 37 42 51
L . Rehab HMA CAPM Rehab HMA CAPM Rehab HMA CAPM Eehab HMA CAPM
Activity Description
10 123 (10 y1) HhiA (10 y) A (10 31) A (10 y1) A
Activity Anmual Maint. Cost
Serwice Life | ($/lane-mile) over 9 5,800 1,100 5,800 5 1,100 5,800 5 1,100 9 5,800 5 1,100
(vears) | Activity Service Life
Year of Action 0 18 23 41 46
L . Rehab HMA CAPM Rehab HMA CAPM Rehab HMA
Activity Description
A (20 yr) HMA (20 yr) Hhia (20 yr)
Activity Anmual Maint. Cost
Service Life | ($/lane-mile) over | 18 3,000 1,100 18 3,000 5 1,100 18 3,000
20 123 (years) | Actwity Service Life
o Year of Action 0
Activity Description R New/
pronstret Select a HMA schedule for New Construction/Reconstruction from this M&R schedule.
Activity Antwal Maint, Cost
Service Life |  ($/lane-mile) over
LSRG R A
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TABLE F-3
Desert Climate Region
HOT MIX ASPHALT W/ OGFC PAVENMENT MAINTENANCE AND REHABILITATION SCHEDULE
eitaet] Pomt || B Begin Alternative
Surface | Design | Service Year 10 15 20 25 30 35 40 45 50 55
Clonstruction.
Type Life Level
New Ci ion/R.
¥ear of Action o 20 23 38 46
MNew /! CAPM HIMLA w/ Rehab HEA wi CAPM HIMA w/ Rehab HMA wi
Activity Description
Reconstret OGFC OGFC (10 y1) OGFC OGFC (10 yr)
Activity | Annual Maint. Cost
Service Life | ($/lanc-mile) over | 20 4,900 2 4,600 10 5,000 2 4,200 10 6,900
1.2 (years) Activity Service Lifie
. Vear of Action a 20 28 a8
New/ CAPM HIMLA wf Rehab HIVA wi CAPM HMA w
Activity Description
20 Reconstret OGFC OGFC (20 y) OGFC
Activity | Armual Maint. Cost
Service Life | (/lane-mile) over | 20 4,900 2 4.600 20 4,000 2 4,500
(years) Aictivity Service Life
Year of Action 0 20 23 38 47
New / CAPM HILA wf CAPM HILA wf CAPM HMA w/ Lane Replace
e Activity Description
3 Reconstret OGFC OGFC OGFC (20 vy
OGFC Activity Anmual Iaint. Cost
Service Life | (§/lane-mile) over | 20 4,900 9 4.000 9 7.400 9 7.400 20 4,300
(years) Activity Service Life
¥ear of Action o 38 a7
. . New/ CAPM HIMA w/ Eehab HMLA wi
Activity Description
12 Reconstret OGFC OGFC (20-y1)
Activity | Annual Maint. Cost
Service Life | ($/lanc-mile) over | 38 6,700 E] 4,100 20 4,000
a0 (years) Activity Service Life
Year of Action a 32 a7
New/ CAPM HMA w CAPM HMA w
Activity Description
3 Reconstret OGFC OGFC
Activity | Annual Maint. Cost
Service Life | (B/lane-mile) over | 38 6,700 2 4,100 o 7.400
(years) Activity Service Life
CAPM
Year of Action a ]
CAPM HMA wi Rehab HIMA wf
Activity Description
12 OGFC OGFC (10 yr)
Activity | Annual hMaint. Cost
Service Life | ($/lane-mile) over g 4,600 10 5,000
LA el S+ (years) Activity Service Life
OGFC Year of Action o E]
CAPM HMA wf CAPM HMA w/
Activity Description
3 OGFC OGFC
Actvity | Annual hMaint. Cost
Service Life | ($/lane-mile) over g 4,000 3 7.400
(years) Activity Service Life
Rehabilitation
¥ear of Action o 10 18 23 36 46 54
Activity Description Rehah HMA w/ OGFC CAPM HMA w/ Rehab HIMA wi CAPM HIMLA wf Rehab HMA wi CAPM HMA wf | Rehab HMA wi
10 123 a0 OGFC OGFC (10 v OGFC OGFC (10-y1) OGFC OGFC (10-y1)
Actvity | Annual hMaint. Cost
Service Life | ($/lane-mile) over | 10 5,000 3 4,600 10 6,200 3 4,600 10 6,200 8 4,600 10 6,900
(years) Activity Service Life
ear of Action o 20 28 a8
Rehab HMA w/ QGFC CAPM HIMLA wf Rehab HIVA wi CAPM HMA wf
Activity Description
€20 yx) OGFC OGFC (20 yr) OGFC
Actvity | Annual Maint. Cost
Service Life | ($/lane-mile) over | 20 4,000 2 4.600 20 4,000 2 7.300
(years) Activity Service Life
20 123 Year of Action a
o Activity Description R::::;;ct _ i .
Select a HMA w/f OGFC schedule for New Construction/Reconstruction from this M&R schedule.
OGFC A Ctivity Anmual Maint. Cost
Service Life | ($/lane-mile) over
(years) Aictivity Service Life
Year of Action o 38 46
Activity Description Rehab HMA w/ OGFC CAPM HMA w/ Lane Replace
40 32y OGFC (40 vy
Activity | Annual Maint. Cost
Service Life | ($/lane-mile) over | 38 7.300 3 4,600 38 4,000
a0 12,3 (years) Activity Service Life
Year of Action o
Activity Description New 7
Reconstret Select a HMA w/ OGFC schedule for New Construction/Reconstruction from this M&R schedule.
Actvity | Annual Maint. Cost
Service Life | ($/lane-mile) over
Groars) Sactivity Scrvice Tife
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TABLE F-3
Desert Climate Region
HOT MIX ASPHALT W/ RAC PAVENENT MAINTENANCE AND REHABILITATION SCHEDULE
Final Pvmt | IMaint T ogin & frermative
Surface | Design | Serwice Year e s 10 15 20 25 30 35 40 45 50 55
Ceonstruction
Type Life Level
New Construction/Reconstruction
Year of Action a 21 30 41 50
New ! CAPM HIA wi | Fehab HIMA wi CAPIM HMA wi | Rehab HIMA wi
Activity Description
Reconstret R&C RAC (10 v RAC RAC (10 yo)
Actvity | Annual Maint. Cost
Service Life | ($/lane-mile) over | 21 3,300 9 4,000 11 4,300 ] 4,000 11 4,300
1.2 (years) | Activity Service Life
. Year of Action a 21 30 51
New/ CAPM HIA wi | Fehab HIMA wi AT EINLA ol
A ctivity Description
20 Reconstret RAC RAC (20 v RAC
Actvity | Annual Maint. Cost
Service Life | ($/ane-mile) over | 21 5,400 9 4,000 21 3,700 L] 5,400
(years) | Activity Service Life
car of Action a 21 31 41 51
New/ CAPM HMLA wi CAPM HMA wi CAP HMLA wi Lane Replace
A ctivity Description
HMLA w 3 Reconstret RAC RAC RAC (20 v
RAC A ctivity Arrmial Maint. Cost
Service Life | ($/ane-mile) over | 21 3,300 10 3,700 10 7,900 10 7.900 21 3,300
(years) | Activity Service Life
Year of Action o 40 49
New/ CAPM HMA w/ Rechab HIMA wi
A ctivity Description
12 Reconstret RAC RAC (20-yr)
- Ay ctivity Anrmal Maint. Cost
Service Life | ($/ane-mile) over | 40 5,400 E] 4,000 21 4,300
40 (years) | Activity Service Life
Year of Action o 40 49
New/ CAPM HMA wf CAPM HMA wf
A ctivity Description
3 Reconstret RAC RAC
Actvity | Armual IMaint. Cost
Service Life | ($/lanc-mile) over | 40 5,400 E] 4,000 9 4,000
(years) | Activity Service Life
CAPM
Vear of Action a
CAPM HMA wf Rehab HIMLA wr
_Activity Description
12 RAC RAC (10 yr)
- A Ctivity Annual Maint. Cost
Service Life | ($/lane-mile) over s 4,100
LA S+ (years) A ctivity Service Life
RAC Year of Action a
CAPM HMA wi
_Activity Description
2 RAC
Actvity | Armual Maint. Cost
Service Life | ($/lans-mile) over | 10 3,700
(gears) | Activity Service Tife
Rehabilitation
Year of Action 5] 11 20 31 40 S1
Rehah HMA w/ RAC CAPM HIMA wi | Rehab HMA wi CAPM HMA wi | Rehab HIMA wi CAPI HNLA wr
Activity Description
10 123 €10 yry RAC EAC (10 31 RAC RAC (10-yr3 EAC
Actuvity | Armual Maint. Cost
Service Life | ($/anc-mile) over | 11 3,300 ] 4,100 11 5,900 ] 4,100 11 5,900 a 4,100
(years) | Activity Service Life
Year of Action a 21 30 S1
Rehah HMA w/ RAC CAPM HMA wi | Rehab HIMA i CAPI HNLA wr
Activity Description
20 ) RAC EAC (20 yo) EAC
Actvity | Annual Maint. Cost
Service Life | ($/anc-mile) over | 21 3,700 L] 4,100 21 3,700 s 4,100
(years) | Activity Service Life
20 123 Year of Action a
Activity Description Tew /
HMLA el Reconstret : : .
Select a HMA w/ RAC schedule for New Construction/fReconstruction from this M&R schedule.
RAC A ctivity Annual Maint. Cost
Service Life | (Bflane-mile) over
(years) | Activity Service Life
Year of Action a 40 49
Activity Description Rehah HMA wf RAC CAPM HMA w/ Lane Replace
40 3y RAC 0 yr3
Actvity | Annual Maint. Cost
Service Life | (Bflanc-mile) over | 40 5,900 9 4,000 40 5,400
40 123 (years) | Activity Service Life
Year of Action 0
Activity Description . Tew /
econstrer Select a HMA wf RAC schedule for New Construction/Reconstruction from this M&R schedule.
Actuvity | Annual Maint. Cost
Service Life | (Bflane-mile} over
(ears) | o ctivity Service Life
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TABLE F-3
Desert Climate Region
HOT MIX ASPHALT W/ RAC PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final Pvmt | IMaint o i & frermative
Srdes || Desgs | Serses Tear e= S 10 15 20 25 30 35 40 45 s0 55
Clonstruction
Type Life Level
New Constuction/Reconstruction
Year of Action 0 21 30 41 50
New/ CAPM HMA wi | Rehab HIMA i CAPM HMA wi | Rehab HIMA wi
A ctivity Description
Reconstrct RAC EAC (10 v RAC RAC (10 y5)
Actvity | Annual Maint. Cost
Service Life | ($/lanc-mile) over | 21 3,300 ] 4,000 11 4,300 ] 4,000 11 4,300
1o (years) | Activity Service Life
: Year of Action a 21 30 s1
New/ CAPM HMA wi | Rehab HIMA wi CAP HINLA ol
Activity Description
20 Reconstret RAC BT (20 yo) R
Actvity | Armual Maint. Cost
Service Life | ($/ane-mile) over | 21 5,400 9 4,000 21 3,700 ] 5,400
(years) | Activity Service Life
Year of Action a 21 31 41 S1
New/ CAPM HMA wi CAPM HMA wi CAPI HMA wi Lane Replace
_Activity Description
ML e 3 Reconstret RAC RAC BAC (20 v
RAC A ctivity Annual Maint. Cost
Service Life | ($flanc-mile) over | 21 3,300 10 2,700 10 7,900 10 7,900 21 3,300
(years) | Activity Service Life
Year of Action a 40 49
. - New/ CAPN HIA wi Eechab LA wi
Actvity Description
15 Reconstrct EAC RAC (20-yr)
: A ctivity Anmual Maint. Cost
Service Life | ($/lane-mile) over | 40 5,400 ] 4,000 21 4,300
40 (years) | Activity Service Life
Year of Action a 40 439
New/ CAPM HMA wf CAPM HMA wf
A ctivity Description
3 Reconstret RAC RAC
Acuvity | Annual Maint. Cost
Service Life | ($lanc-mile) over | 40 5,400 E] 4,000 o 4,000
(years) | Activity Service Life
CAPM
Year of Action 0
CAPM HMA wf Rehab HIMA wr
A ctivity Description
12 RAC RAC (10 3
- Ay ctivity Anrmal Maint. Cost
Service Life | (Bflane-mile} over ] 4,100
HMA W | o (years) | Activity Service Life
RAC Year of Action a
CAPM HMA wi
Activity Description
3 RAC
Actvity | Armual Maint. Cost
Service Life | ($/lanc-mile) over | 10 3,700
(years) | Activity Service Life
Rehabilitation
Year of Action a 11 20 31 40 S1
Rehah HMA w/ RAC CAPM HMA wi | Rehab HIMA wi CAPM HMA wi | Rehab HIMA wi CAPM HNLA wi
A ctivity Description
10 193 €10 3> RAC RAC (10 ¥ RAC RAC (10-yr} RAC
o A ctivity Anmual Maint. Cost
Service Life (bflans-mils) sver 11 3,300 E 4,100 11 5,900 E 4,100 11 5,900 El 4,100
(years) | Activity Service Life
Year of Action a 21 30 51
Rehah HMA w/ RAC CAPM HMA wi | Rehab HIMA vl CAPM HNLA wi
Activity Description
20 31y RAC EAC (20 yr) E&C
Actvity | Armual IMaint. Cost
Service Life | ($/lane-mile) over | 21 3,700 9 4,100 21 3,700 ] 4,100
(years) | Activity Service Life
20 123 Year of Action a
Activity Description Hew s
HMLA el Reconstret : - .
Select a HMA w/ RAC schedule for New Construction/Reconstruction from this M&R schedule.
RAC A Gtivity Annual Maint. Cost
Service Life | ($flane-mile) over
(years) | Activity Service Life
Year of Action 0 40 49
Activity Description Rehah HMA w/ RAC CAPM HIMA wf Lane Replace
40 yr) EAC 40 13
Actvity | Annual Maint. Cost
Service Life | (Bflanc-mile) over | 40 5,900 9 4,000 40 5,400
40 123 (years) | Activity Service Life
Year of Action a
A ctivity Description New /
Reconstrot Select a HMA w/ RAC schedule for New Construction/fReconstruction from this M&R schedule.
Actvity | Armual Maint. Cost
Service Life | (8flane-mile) over
(ears) | o ctivity Service Life
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TABLE F-3
Desert Climate Region
RUBBERIZED ASPHALT CONCRETE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE
Final Pumt | Maint. Besin Alemati
Surface | Design | Service | Option Year e L 5 10 15 20 25 20 35 40 45 50 55
Construction
Type Life Level
New Construction/Reconstruction
Tear of Action 0 20 25 35 40 50 35
New/ CAPM Eehab RAC CAPM Eehab RAC CAPM Eehab RAC
Activity Description
1 Reconstret RAC {10y RAC {10y RAC {10y
Actiity | Anmwal Maint, Cost
Service Life | (Bflane-mile) over | 20 2,500 5 1,100 10 2,400 5 1,100 10 4,200 5 1,100 10 4,200
12 (years) Activity Service Life
' Year of Action 0 20 25 45 50
. - New/ CAPM Eehab FAC CAPM Rehat RAC
Activity Description
RAC 20 o Reconstret RAC (20 yr) EAC {20y
Actety | Annual Mant Cost
Service Life | (Blane-mile) over | 20 2,500 3 1,100 20 3,500 5 1,100 20 3,500
(years) | Activity Service Life
Tear of Action 0 20 27 34 41
. . New/ CAPM CAPM CAPM Lane Replace
Activity Description
3 Reconstret RAC RAC RAC (20 31)
Actty | Annval Mant, Cost
Service Life | (Blane-mile) over | 20 2,500 7 2,900 7 5,500 7 5,700 20 2,500
(years) | Actvity Service Life
CAPM
Tear of Action 0 5
CAPM Rehab RAC
Activity Description
12 RAC {10yr)
’ Actraty | Annoal Mant, Cost
Service Life | ($flane-mile) over 5 1,100 10 2,400
BAC 5+ (years) Activity Service Life
Tear of Action 0 7
. . CAPM CAPM
Activity Description
3 RAC RAC
Activity | Annual Maint Cost
Service Life | (Blane-mile) over | 7 5,500 7 53,500
Cyears) | Activity Service Life
Rehabilitation
Tear of Action 0 10 15 25 30 40 45 35
. . Rehah RAC CAPM Rehab RAC CAPM Rehab RAC CAPM Rehab RAC CAPM
Ovetlay or Activity Description
10 123 | Milg (10 yr) EAC (1031) EAC (1031) EAC (1031) RAC
o Overa Actty | Annval Mant, Cost
¥ Service Life | (Blane-mile) over | 10 2400 5 1,100 10 4,200 5 1,100 10 4,200 5 1,100 10 4,200 5 1,100
(vears) Activity Service Life
Year of Action 0 20 25 45 50
Rehah RAC CAPM Eehab RAC CAPM Rehab RAC
Crerlay or Activity Description
BAC Ml & (20 y1) RAC (20 yr) RAC (20 yr)
Overla Actrty | Arnmual Maint. Cost
¥ | Service Life ($/lane-mile) over | 20 3,500 5 1,100 20 3,500 5 1,100 20 3,500
50 123 (years) | Activity Service Life
o Tear of Action 0
. . New/
Lane Activity Description R et ) ) )
- e Select a RAC schedule for New Construction/Reconstruction from this M&R schedule.
Replace | Actwity | Annual Maint Cost
Service Life | ($lane-mile) over
Gears) | Aoty Service Tife
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TABLE F-32
Desert Climate Region
RUBBERIZED ASPHALT CONCRETE W/ RAC-O PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE
Final Pvmt | Maint Boegin Aiternati
Surface | Design | Service Year (2 SIS s 10 15 20 25 30 35 40 as s0 55
Construction
Type Life Level
New Construction/Reconstruction
Year of Action 0 22 32 44 54
New/ CAPMRAC wi Rehab RAC wi CAPM RAC wi Rehab RAC wf
Activity Description
Reconstret RAC-O RAC-O (10 y1) RAC-O RAC-O (10 31)
Activity | Annual Maint, Cost
Service Life | ($flane-mile) over | 22 3,100 10 3,700 12 3,100 10 3700 12 3,100
12 (vears) | Activity Service Life
- Year of Action 0 22 32 54
New / CAPM RAC wi Eehab RAC wi CAPM RAC wi
Activity Description
20 Reconstret RAC-O RAC-O (20 yo) RAC-O
Acuvity | Annual Mamt, Cost
Service Life | ($/lane-mile) ower | 22 3,100 10 3,700 22 3,900 10 3,700
(yearsy | Activity Service Life
Year of Action 0 22 33 44 55
New/ CAPMRAC wi CAPM EAC wf CAPM RAC wi Lane Replace
Activity Description
RAC wil 3 Reconstret RAC-O EAC-O RAC-O (20 yry
RAC-O A ctivity Annual Maint. Cost
Service Life | ($flane-mile) owver | 22 3,100 11 3,400 11 3,400 10 6,800 22 3,100
(vears) | Activity Service Life
Year of Action o 40 50
New/ CAPM RAC wi Rehab RAC wi
A ctivity Description
10 Reconstret EAC-O RAC-O (20-y1)
i A ctivity Annual Maint. Cost
Service Life | ($/lane-mile) ower | 40 4,500 10 3,700 22 4,500
40 (years) | Activity Service Life
Year of Action i 40 51
New/ CAPM RAC wi CAPM RAC wi
Activity Description
3 Reconstrct R&C-O R&C-O
Acuvity | Annual Mamt, Cost
Service Life | ($/lane-mile) ower | 40 4,500 11 3,400 11 4,500
(years) | Activity Service Life
CAPM
Vear of Action 0 10
CAPM RAC w/ Rehab RA&C wi
Activity Description
12 RAC-O RAC-O (10 yr)
i Activity Annual Maint. Cost
Service Life | ($flane-mile) ower | 10 32,700 12 2,100
RaCw | 5, (vears) | Activity Service Life
RAC-O Year of Action 0
Activity Description CAPM RAGC w
5 RAC-O
Activity | Annual Maint, Cost
Service Life | ($flane-mile) ower | 11 3,400
(vears) | Activity Service Life
Rehabilitation
Year of Action 0 12 22 34 44
Rehah RAC w/ RAC-O CAPM RAC wf Rehab BAC wf CAPM EAC wf Rehab RAC wf
A ctiwity Description
10 123 (10 yr) RAC-O EAC-O (10 31) EAC-O RAC-O (10-31)
. Activity Annual Maint. Cost
Service Life | ($flane-mile) over | 12 4,000 10 3700 12 6,300 10 3,700 12 6,300
(vears) | Activity Service Life
Year of Action 0 22 32 54
Rehah RAC w/ RAC-O CAPM RAC wi Eehab RAC wi CAPM REAC wi
Activity Description
20 yx) RAC-O RAC-O (20 yr) RAC-O
Acuvity | Annual Mamt, Cost
Service Life | ($/lane-mile) ower | 22 3,900 10 3,700 22 3,900 10 3,700
(yearsy | #ctivity Service Life
=0 .23 car of Action 0
Activity Description. New/
RAC wi Reconstret i i i
Select a RAC w/ RAC-0O schedule for New Construction/Reconstruction from this M&R schedule.
RAC-O _Activity Anmual Maint. Cost
Service Life | ($/lane-mile) over
(vears) | Activity Service Life
Year of Action o 40 50
Activity Description Rehah RAC w/ RAC-O CAPM RAC wi Lane Replace
0 yx) RAC-O 40 y1)
Actvity | Annual Mamt. Cost
Service Life | ($/lans-mile) over | 40 6,100 10 3,700 40 4,500
40 1.2,3 (years) | Activity Service Life
Year of Action 0
Activity Description R Tew /
econstret Select a RAC w/ RAC-O schedule for New ConstructionfReconstruction from this M&R schedule.
Acuvity | Annual Mamt, Cost
Service Life | ($flane-mile) ower
X
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TABLE F4
Low Mountain & South Mountain Climate Regions
HOT MIX ASPHALT PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final Pymt | Mant. Eegin Altcrmati
Surface | Design | Service Year L S 5 10 15 20 25 30 35 40 45 50 55
Construction
Type Life Level
New Construction/Reconstruction
Year of Action 0 19 24 34 39 49 54
. . New/ CAPM Eehab HbA CAPM Fehab HMA CAPM Fehab HMWA
Activity Description
Reconstret Hhdd (10 yr) HhA (10y) HhA (10yr)
Activity | Antual Maint Cost
Service Life | (Bflane-mile) ower | 1% 3.500 5 1,100 10 3,200 5 1,100 10 5,100 5 §1,100 10 3,200
12 (years) Activity Service Life
! Year of Action 0 19 24 43 48
. . New/ CAPM Eehab HhA CAPM Rehab HMA
Activity Description
HMA 20 Reconstrct A (20 91) HhA (20yr)
Activity | Annval Maint. Cost
Service Life | (Bflane-mile) ower | 1% 3.500 5 1,100 1% 2,800 5 1,100 19 2,800
(years) Activity Service Life
Year of Action 0 19 28 37 45
. . New/ CAPM CAPM CAPM Lane Replace
Activity Description
3 Reconstret Hhdd HMA HMA (20 yr)
Activity | Annual Maint. Cost
Service Life | ($flane-mile) over | 19 3,500 b 5,700 9 5,700 3 35,600 19 3,500
(years) | Actwity Serwice Life
CAPM
Tear of Action 0 3 15
CAPM Fehab HMA CAPM
Actwity Description
12 HMA 10y} HMA
Actvity | Annual Maint Cost
Service Life | (B/lane-mile) over 5 1,100 10 3,200 5 1,100
A 54 (years) Activity Service Life
Year of Action 0 9 13
. . CAPM CAPM CAPM
Activity Description
3 HMA HMA HhA
Actvity | Annual Maint Cost
Service Life [ ($flane-mile) over 9 5,700 9 57700 8 5,600
(years) | Activity Service Life
Rehabilitation
Year of Action 0 10 15 25 30 40 45
. . Rehab HMA CAPM Eehab HhA CAPM Eehab HRA CAPM Rehab HMA
Activity Description
10 123 (10 y1) HMA (10yr) HMA (10yn) HMA (10 y1)
Activity | Annval Maint. Cost
Service Life | (Bflane-mile) ower | 10 3,200 5 1,100 10 5,200 5 1,100 10 5,200 5 1,100 10 3,200
(years) Activity Service Life
Year of Action 0 19 24 43 48
. . Rehab HMA CAPM Eehab HbA CAPM Rehab HMA
Activity Description
HMA (20 y1) HhA (20 y1) HMA (20 y1)
Activity | Annual Maint. Cost
Service Life | ($flane-mile) over | 19 2,600 5 1,100 19 2,600 5 1,100 19 2,600
50 153 (years) Activity Service Lafe
- Year of Action 0
Activity Description R Ll
econstret Select a HWA schedule for New Construction/Reconstruction from this M&R schedule.
Activity | Annual Mant. Cost
Service Life | ($lane-rmile) over
(gears) | Aciaty Serce Lifk
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TABLE F4
Low Nountain & South NMountain Climate Regions
HOT MIX ASPHALT W/ OGFC PAVENENT MAINTENANCE AND REHABILITATION SCHEDULE
ozl e s Bemm Al
Surface | Design | Service Year 5 10 15 20 25 30 35 40 45 50 55
Clonstruction
Type Life Level
New Construction/
Vear of Action a 22 28 40 46
New CAPM HMA wi | Rehab H& wi CAPM HIMA wi Eehab HILA wi
Activity Description
Reconstret OGFC OGFC (10 yr) OGFC OGFC (10 yr)
Actvity | Annual Mamt. Cost
Service Life |  ($/lane-mile) over | 22 2,700 5 500 12 4,000 6 500 12 4,000
12 (vears) | Activity Service Life
- Vear of Action a 22 28 50
New /! CAPM HMA wi | Rehab HMA wi CAPI HIMLA w/f
A ctivity Description
20 Reconstret OGFC OGFC (20 y1) OGFC
Actvity | Annual Mamt. Cost
Service Life | ($/lane-mile) over | 22 2,700 5 500 22 3,700 6 500
(vears) | Activity Service Life
Year of Action a 22 32 4z s2
New CAPNM HNLA wi C AP HMLA wf CAPN HNLA wil Lane Replace
A ctivity Description
LA wf 5 Reconstret OGFC OGFC OGFC (20 31
OGFC A ctivity Annual Maint. Cost
Service Life | ($/lane-mile) ower | 22 2,700 10 4,800 10 6,800 10 6,800 20 2,700
(yearsy | Activity Service Life
Vear of Action a 40 46
New ! CAPM HIMA wi Eehab HIMA w/
Activity Description
1z Reconstret OGFC OGFC (20-y5)
Ecuvity | Annual Mamt, Cost
Service Life | ($flane-mile) ower | 40 7.500 6 500 22 2,700
40 (yearsy | Activity Service Life
Vear of Action a 40 50
New /! CAPNM HIMA wi CAPI HNLA wif
Activity Description
3 Reconstret OGFC OGFC
Actvity | Annual Mamt. Cost
Service Life | ($/lane-miles) over | 40 7,500 10 6,800 10 6,800
(vears) | Activity Service Life
CAPM
Vear of Action a 5
CIETT I
Activity Description OGFC Fichab HIMA w/
15 OGFC (10 yo)
Actvity | Annual Mamt. Cost
Service Life | ($/lane-rmile) over s 500 12 4,000
HILA wf S5+ (vears) A ctivity Service Life
OGFC Vear of Action a 10
(R SR RS
Activity Description OGFC CAPM FMA wf
3 OGFC
Actvity | Annual Mamt. Cost
Service Life | ($flane-mile) over | 10 4,800 10 6,800
(vearsy | Activity Service Life
Rehabilitation
Vear of Action a 12 18 30 36 43 54
Activity Description Rehab HMA w/ CAPM HMA w/ | Rehab HIMA w/ CAPI HILA wif Rehab HNLA w/ CAPM HMA w/ | Lane Replace (20
10 123 DOGFC (A0 yr) OGFC OGFC (10 yr) OGFC OGFC (10-yr) OGFC yrs)
Actvity | Annual Mamt. Cost
Service Life | ($flane-mile) over | 12 4,000 6 500 12 5,600 5 500 12 5,600 5 500 22 2,700
(vears) | Activity Service Life
Year of Action 0 22 28 50
Activity Description Rehab HM.A w/ CAPM HMMA wi Rehab HRA wi CADIL EMLA w!
QGFC (20 y1) OGFC OGFC (20 yr) OGFC
Activity | Annual IMaint. Cost
Service Life | ($/lane-mile) owver | 22 3,700 5 s00 22 3,600 6 500
(vears) | Activity Service Life
20 123 Year of Action a
Activity Description Hew 7
HMA wf Reconstret s : : .
OGEC elect a HMA w/ OGFC schedule for New Construction/Reconstruction from this M&R schedule.
Acuvity | Annual Mamt, Cost
Service Life | ($lane-mile) ower
(yearsy | Activity Service Life
Vear of Action a 40 46
Rehab HMA w/ CAPM HIMA wi Lane Replace
Activity Description SCFC (40 o Py 40 7o
Actvity | Annual Mamt. Cost
Service Life | ($/lane-mile) ower | 40 7,800 6 500 40 7,500
40 1.2,3 (yearsy | Activity Service Life
Vear of Action a
Activity Description Mew /
Reconstree Select a HMA w/ OGFC schedule for New Construction/Reconstruction from this M&R schedule.
Actvity | Annual Mamt. Cost
Service Life | ($flane-mile) over
(geoay | A ctivier Sorvice Tire
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TABLE F-4
Low Mountain & South Mountain Climate Regions
HOT MIX ASPHALT W/ RAC PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final Pymt | Maint T ogin & lomat
Srees | Dosige | Semses Tear 2 SRS 5 10 15 20 25 30 35 40 45 s0 55
Construction
Type Life Level
New Construction/Reconstruction
Tear of Action ] 23 30 43 50
New/ CAPM HMA wi | Eehab HIMA wi CAPM HMA wf | Eehab HMA wi
Activity Description
Reconstrct RAC RAC (10 yr) EAC EAC (10 yr)
Actvity | Annual Maint Cost
Serwice Life (Bflane-mile) ower 23 3,000 7 200 13 3.500 7 800 13 3,600
12 (years) | Activity Service Life
. Year of Action a 23 30 53
New ! CAPM HIM& wi | Eehab HMA wi C AP HIMA wf
A ctivity Description
20 Reconstret RAC RAC (20 yr) RAC
Actvity | Anmal Maint. Cost
Service Life [ ($flane-mile) ower | 23 3,000 7 200 23 3,900 7 200
(years) A ctivity Service Life
Year of Action a 23 33 43 53
New ! CAPM HMA wi CAPM HIMA wi C AP HIMA wf Lane Replace
Activity Description
HRLA 3 Reconstrct RAC RAC RAC (20 yr)
RAC A ctivity Annual Maint. Cost
Serwice Life ($flane-mile) ower 23 3,000 10 500 10 5,300 10 5,300 23 3.000
(years) | Mctivity Service Life
Vear of Action a 40 47
New ! CAPM HME vl Eechab HRA wi
Activity Description
12 Reconstret RAC RAC (20-y5)
: Activity Anmal Maint. Cost
Service Life [ ($flanc-mile) ower | 40 5,000 7 200 23 3,000
40 (years) | Activity Service Life
Year of Action a 40 s0
. . New/ CAPN HINLA wi CAPI HNA w/f
Activity Description
5 Reconstret RAC RAC
Actvity | Annual Mant. Cost
Service Life [  ($flanc-mile) over | 40 5,000 10 600 10 5,300
(years) | Mctivity Service Life
CAPM
Year of Action a
. . CAPM HMA w/ Rehab FINLA w/
Activity Description
12 RAC RAC (10 yr)
) Activity Annual Mant, Cost
Service Life [  ($flane-mile) ower 7 200
HMA W [ o (years) | Mctivity Service Life
RAC Vear of Action a
CAPM HMA wf
Activity Description
2 RAC
Actvity | Anmal Maint. Cost
Service Life (Bflanc-mile) over 10 &00
(years) | Activity Service Life
Rehabilitation
Tear of Action Q 1z 20 33 40 53
Rehah HMA w/ RAC CAPM HMA wi | Rehab HMA wf CAPM HMA wi | Eehab HMA wi C AP HMA wf
Activity Description
10 123 (10 yx) RAC RAC (10 50) EAC RAC (10-yr) EAC
o Activity Anmial Maint. Cost
Service Life [ ($/lanc-mile) over | 13 3,500 7 200 13 2,600 7 400 12 32,600 7 800
(years) | Activity Service Life
Year of Action a 23 30 53
Rehab HMA w/ RAC CAPM HMA wi Fechab HIMA w/ CAP A w/
Activity Description
(20 yr) RAC RAC (20 y1) EAC
A ctivity Annual Maint. Cost
Service Life [ ($flane-mile) ower | 23 4,000 7 800 23 4.300 7 800
{years) Activity Service Life
20 1,2,3
o sar of Action ]
Activity Description New/
HLA Reconstrct : : .
Select a HMA w/ RAC schedule for New Construction/Reconstruction from this M&R schedule.
RaC A ctivity Aneual Maint. Cost
Service Life |  ($/lanc-mile) ower
(years) | Activity Service Life
Year of Action a 40 47
Artivity Description Rehah HMA w/ RAC CAPM HIMA vl Lane Replace
(0 31y EAC (40 v
Actvity | Anmal Maint. Cost
Service Life | ($flane-mile) ower | 40 5,400 7 200 40 5,000
40 123 (years) | Activity Service Life
Year of Action a
A ctivity Description New/
Reconstret Select a HMA w/ RAC schedule for New Construction/Reconstruction from this M&R schedule.
Actvity | Annual Mant. Cost
Service Life [  ($flane-mile) ower
Gearay | activicy Service Tife
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TABLE F-4

Low Mountain & South Mountain Climate Regions
RUBBERIZED ASPHALT CONCRETE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final Pvmt | Mant, Beain Ahternati
Snoe | oo | Saviss Year R 5 10 15 20 25 20 5 40 45 50 55
Construction
Type Life Level
New Construction/Reconstruction
Vear of Action 0 21 26 37 42 53
New / CAPM Eehab BAC CAPM Rehab BAC CAPM
Activity Description
Reconstret RAC (10 yr) RAC (10 yr) EAC
Activity | Anmual Maint. Cost
Service Life | (Bflane-mile) over | 21 2,300 5 1,100 11 1,500 5 1,100 11 4,500 5 $1,100
12 (years) Activity Service Life
! Year of Action 0 21 26 47 52
.. . New/ CAPM Eehab RAC CAPM Eehab RAC
Activity Description
RAC 20 Reconstret RAC (20 y1) RAC (20 yr)
Activity | Anmual Maint. Cost
Service Life | ($flane-mile) over | 21 2,300 5 1,100 21 2,600 5 1,100 21 2,600
(years) Activity Service Life
Vear of Action 0 21 30 35 47
L . New/ CAPM CAPM CAPM Lane Replace
Activity Description
3 Reconstret EAC RAC EAC (2091)
Activity | Anmual Maint. Cost
Service Life | (Blane-mile) over | 21 2,300 l 4,400 g 4,400 3 4,900 21 2,300
(years) | Activity Service Life
CAPM
Year of Action 0 5 16
.. . CAPM Eehab RAC CAPM
Activity Description
12 RAC (10 y1) BAC
’ Activity | Anmual Maint. Cost
Service Life | ($lane-mile) over | 5 1,100 11 2,000 3 1,100
RAC 5+ (years) Activity Service Life
Vear of Action 0 9 18
.. . CAPM CAPM CAPM
Actity Description
3 RAC RAC (10 51) RAC
Activity | Anmual Maint. Cost
Service Life | (Bflane-mile) over | 9 4,400 g 4,400 3 4,900
(years) | Activity Serwice Life
Rehabhilitation
Tear of Action 0 11 16 27 32 43 43
.. . Rehah RAC CAPM Fehab BAC CAPM Fehab RAC CAPM Fehab RAC
Actity Description
10 1232 (10 yr) EAC (10 yr) RAC (10 51) RAC (10y1)
Activity | Anmual Maint. Cost
Service Life | (Bflane-mile) over | 11 2,000 5 1,100 n 4,500 5 1,100 11 4,500 5 1,100 11 4,500
(years) Activity Service Life
Tear of Action 0 21 26 47 52
.. . Rehah RAC CAPM Eehab EAC CAPM Eehab BAC
Activity Description
RAC (20 y) EAC (20 yr) EAC (20 yr)
Activity | Anmual Maint, Cost
Service Life | ($flane-mile) over | 21 2,600 5 1,100 21 2,600 5 1,100 21 2,600
20 1913 (years) Activity Service Life
o Tear of Action 0
Activity Description R New!
econstret Select a RAC schedule for New Construction/Reconstruction from this M&R schedule.
Activity | Anmal Mamnt, Cost
Service Life | (B/lane-mile) over
Ik Egrs) Activiﬁ Seriice Life
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TABLE F4
Low Mountain & South Mountain Climate Regions
RUBBERIZED ASPHALT CONCRETE W/ RAC-O PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE
Final Pomt | Maint PR
Surface | Design | Service Year e 5 10 15 20 25 30 35 40 45 50 55
Construction
Type Life Level
New Construction/Reconstruction
Year of fiction o 24 32 46 54
New ! CAPMEAC wi Rehab BAC w/ CAPM BAC wi | Hehab RAC wf
Activity Description
Reconstret RAC-O RAC-O (10 y1) RAC-O RaC-O (10 y1)
Aictivity | Annual Maint. Cost
Service Life (bilane-mile) over 24 2,600 a 700 14 2.500 a 700 14 2,500
12 (gears) | Activity Service Life
; Year of fction a 24 32
New/ CAPM BAC wi Fehab RAC wi
Activity Description
20 Reconstret RAC-O RAC-O (20 y)
Activity Anmaal Mant, Cost
Service Life | ($flane-mile) over | 24 2,600 8 700 24 3,500
(years) | Bctivity Service Life
Year of Action ] 24 34 44 54
New ! CAPM RAC wf CAPMRAC wi CAPM RAC wi Lane Replace
Auctivity Description
RAC wi B Reconstret RAC-O RAC-O RAC-O (20 ¥
RAC-O Activity Anmal Maint. Cost
Service Life | ($lane-mile) over | 24 2,600 10 600 10 600 10 5.000 24 2,600
(vears) Activity Service Life
Year of Action Q 40 48
New ! CAPM RAC wi Rehab BAC wf
Activity Description
1o Reconstret RAC-O RAC-O (2031}
’ Aictivity Anmual Maint. Cost
Service Life | ($lane-mile) over | 40 3,900 ] 700 24 4,100
40 (years) | Activity Service Life
Year of Action a 40 50
New ! CAPM BAC wi CAPM RAC wi
A ctivity Description,
5 Reconstrct RAC-O RAC-C
Lictivity | Anmual Maint Cost
Service Life (BAlane-mile) over 40 3,800 10 &00 10 700
(years) | Activity Service Life
CAPM
¥ ear of Action ]
CAPM RAC wi Rehab BAC wil
Auctivity Description
s RAC-O RAC-O (10 )
: Activity Anmual Maint. Cost
Service Life | (Bllane-mile) over | 2 700
RaCwl | o, Cyears) | Activity Service Life
RAC-O Yoar of Action [
CAPM RAC wi
A ctivity Description,
3 RAC-O
fctivity | Annual Maint. Cost
Service Life ($Alane-mile) over 10 &00
(years) | Activity Service Life
Rehabilitation
¥ ear of Aotion. ] 14 22 36 44
Rehab RAC w/ RAC-O CAPM RAC wf Fchab RAC w/ CAPMRAC wi | Fehab RAC wf
Auctivity Description
10 123 ao yry RAC-O RAC-O (10 y5) RAC-O RAC-O (10-y1)
Activity | Annual Maint. Cost
Service Life | ($lane-mile) over | 14 3,300 ] 700 14 4,600 ] 700 14 4,600
(vears) Activity Service Life
Year of Action Q 24 32
A ctivity Deseription Rehab RACw/ RAC-O CAPM RAC wf Rehab BAC wi
0 y) RAC-O RAC-O (20 y)
Aictivity | Annual Maint. Cost
Service Life | ($lane-mile) over | 24 5,200 ] 700 24 3,500
(years) | Activity Service Life
20 1.2.3 Year of Action a
A Activity Description R New !
eonswer Select a RAC w/ RAC-O schedule for New Construction/Reconstruction from this M&R schedule.
RAC-O A ctivity Apwal Maint. Cost
Service Life | (Blane-mils) over
(gears) | Activity Service Life
Year of fction a 40 48
Activity Description Rehah RAC w/ RAC-O CAPM BAC wi Lane Replace
@0 RAC-O @0 ¥
Aictivity | Annual Maint. Cost
Service Life | ($llane-mile) over | 40 3,100 8 700 40 3,900
40 123 (years) | Betivity Service Life
Year of Action ]
Aictivity Description R New/
§ econstret Select a RAC wf RAC-O schedule for New Construction/fReconstruction from this M&R schedule.
Activiey Anmaal Maint, Cost
Service Life | (Bllane-mile) over

114



Life-Cycle Cost Analysis Procedures Manual November 2007

TABLE F-6
High Mountain & High Desert Climate Regions
HOT MIX ASPHALT PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final Pumt | MMaint, Begin Altemati
St || Desm || Semms Year izt St 5 10 15 20 25 0 35 40 45 50 55
Construction
Type Life Lewel
New Construction/Reconstruction
Tear of Action 0 15 23 32 37 46 51
New f CAPM Rehab HMA& CAPM Eehab HMA CAPM Eehab HMA
Actiity Description
Reconstret HMA (109r) HIA (10 yr) HMA (10 yr)
Actty | Annual Mamt Cost
Service Life | (Bflane-mule) owver | 18 2,300 5 1,100 9 3,100 5 1,100 b 6,700 5 1,100 b 1,800
13 (vears) Activity Service Life
: Tear of Action 0 18 23 41 46
.. . New/ CAPM Rehab HMA CAPM Rehab HMA
Activity Description
A 20 Reconstret Hhia (20 31} HA (20 31}
Activity Annual Maint. Cost
Service Life | ($/lane-mile) over | 18 2,300 5 1,100 18 2,300 5 1,300 18 900
(years) Activity Service Life
Year of Action 0 18 26 34 42
New/ CAPM CAPM CAPM Lane Replace
Actiity Description
3 Reconstret HhLA HhLA A (20 yr)
Actiity Annual Maint. Cost
Service Life | (Bflane-mile) over 18 2,300 8 3,500 8 7,700 8 7,700 18 2,200
(years) Activity Service Life
CAPM
Tear of Action 0 5 14
CAFM Rehab HMA CAPM
Activity Description
12 HMA (1031) HMA
Actiity Annual Maint. Cost
Service Life |  ($lane-mile) over 5 1,100 9 4,600 5 1,100
A S+ (vears) Activity Service Life
Tear of Action 0 i
.. . CATM CAPM
Activty Description
3 HMA HMA
Activity | Annual Maint. Cost
Service Life | ($/lane-mile) over 3 3,500 8 7,700
(years) Activity Sermce Life
Rehabilitation
Tear of Action 0 9 14 23 28 37 42
- . Rehah HMA CAPM Rehab HMA CAPM Eehab HMWA CAPM Lane Replace
Activity Description
10 123 (10 y1) HMA (10 31) HMA (10 yr) HMA (2091)
Activity Annual Maint. Cost
Service Life | ($Aane-mile) ower 9 3,100 5 1,100 9 6,700 5 1,100 9 6,700 5 1,100 18 900
(vears) Activity Service Life
Year of Action 0 18 23 41 46
Rehab HMA CAPM Fehab HMA& CAPM Fehab HMA&
Actiity Description
A (20 y1) HMA (20 yr) HMA (20 vr)
Actiity Annual Maint. Cost
Service Life | (Bflane-mile) over 18 2,300 5 1,100 18 3,200 5 1,100 18 900
20 123 (vears) Activity Service Life
o Tear of Action 0
Activity Description R Hew!
_ _ econstret Select a HWA schedule for New Construction/Reconstruction from this M&R schedule.
Activity Annual Maint. Cost
Service Lafe | (Fflane-mile) ower
[gears) | Activity Sernce Tife
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TABLE F-5
High Mountain & High Desert Climate Regions
HOT MIX ASPHALT W/ RAC PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final | Pumt | Maint Begin Alternative
Surface Design | Service Tear 5 10 15 20 25 30 35 40 45 50 55
Type Life | Level Construction
New Construction/Reconstruction
Year of Action o 20 25 35 40 50
A ctivity Description New / CADPI HBAA w/f Rehab HMA w/f CAD HhLA w/f Rehab HMA w/f CADM HRLA wif
Reconstret RAC RAC (10 v1) RAC RAC (10 yo) RAC
Fictivity | Annual Maint, Cost
Serwice Life (Brlane-mile) over 20 8.800 5 o 10 5,300 5 o] 10 5.800 5 o]
1.2 (years) Activity Serwice Life
- ¥ear of Action o] 20 25 45 50
A ctivity Description New / CADPI HIA w/f Rehab HMA wf CAPI HMA w/f Rehab HMMA <
20 Reconstret RAC BAC (20 v1) RAC BAC (20 v1)
Fictvity | Annual Mdaint, Cost
Serwice Life (Brlane-mile) ower 20 B.800 5 0 20 2.800 5 0 20 2.800
(years) Activity Service Life
ear of Action 8] 20 20 40 50
A ctivity Description New / CADPI HIA w/f CAPM HMWLA wef CAPM HRA wef Lane Eeplace
HMA wl 5 Reconstret RAC RAC RAC (20 90
EAC Activity _Annual Maint. Cost o
Serwice Life (Brlane-mile) ower 20 B.800 10 5,900 10 7,800 10 7.800 20 8,800
(years) | Activity Service Life
Vear of Action 8] 40 45
A ctivity Description New / CAPM HhA w Rehab HhLA w
12 Reconstret RAC RAC (20 yr)
Fictivity | Annual Maint, Gost
Serwice Life (B/lane-mile) over 40 12,300 =) o 20 2,800
a0 (years) | Activity Service Life
Year of Action 8] 40 50
A ctivity Description New / CAPM HhA w C AP HhLA wi
3 Reconstrct RAC RAC
Fctivity | Annual Maint, Cost
Service Life | (§/lane-mile) over | 40 12,300 10 5,200 10 5,900
iyears) Aoctivity Serwice Life
CAPM
Year of Action 8] ) 15
Activity Description CAPM HMA w' Fehab HIWA wif CAPN HMA w
12 RAC RAC (10 yo) RAC
Activity | Annual IMaint. Cost
Service Life | (Bflane-mile) over | 5 a 10 5,900 5 0
HMA wrl S+ (vears) Activity Service Life
RAC Year of Action 8] 10
Activity Description CAPM HMA w' CAPI HIA wi
3 RAC EAC
Tictivity | fnnual Maint, Cost
Serwice Life (Blane-mile) over 10 5,900 10 7.%00
(years) Activity Serwvice Life
Rehabilitation
Year of Action o 10 15 25 30 40 45
Activity Description Rehab HVLA w/ RAC CADHL LA w Rehab Hh{A w/ CATM HhALA wed Rehab Hhdd w! CTAPM HhAA wl Rehab HhiLA wf
o 123 ao ) Bac BAC (10 yo) RAC RAC RAC RAC (10 y7)
Fictvity | Annual Maint, Cost
Service Life (Blane-mile) over 10 5.900 5 o] 10 7.800 5 o] 10 7.800 5 o 10 7.800
(years) Activity Serwice Life
Year of Action o 20 25 45 50
A ctivity Description Rehab HMA w/ RAC AP HAA w/ Rehab HM A w/ AP HbAA wf Rechab HM A i
20 yr) RAC RAC (20 v1) RAC RAC (20 31)
Tictivity | Annual MMaint, Cost
Service Life (B/lane-mile) over 20 2.800 5 o z0 2.800 5 o z0 2.800
ears. Activity Serwice Life
20 1.2.3 : )Year ofAtchon o
Activity Description. MNew /
HMLA vl Reconstret : : .
RaC yoysre. mmal T Cost Select a HMA w RAC schedule for New Construction/Reconstruction from this M&R schedule.
Service Life | (§/lane-mile) over
(years) Activity Serwice Life
ear of Action o] 40 45
A ctivity Description Rehab HMA w/ RAC CAPM HAA wl Lane Replace
@0 RAC 40 )
Fictivity | Annual Maint, Cost
Serwice Life (Brlane-mile) over 40 14,300 5 o 40 12,300
40 103 | (vears) | Activity Service Life
¥ear of Action o]
Activity Description, Mew /
Aoy | Aommal b Gt Reconstret Select a HMA w RAC schedule for New Construction/Reconstruction from this M&R schedule.
Service Life | (5/lane-mile) over
ez | s ctiviy Servics Tufe
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TABLE F-5
High Mountain & High Desert Climate Regions
RUBBERIZED ASPHALT CONCRETE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE
Final Pomt | Mat Begin Alternative
Surface | Design | Service Tear 5 . 5 10 15 20 25 30 35 40 45 50 55
Construction
Type Life Level
New Construction/Reconstruction
Tear of Action 0 20 25 35 40 50
New/ CAPM Eehab RAC CAPM Rehab RAC CAPM
Activity Description
Reconstret RAC (10 yr) RAC (1031) RAC
Activity
Service Lifs | P M Cost |5 0, 5 100 | 10| 2700 5 00 | 10| 6000 5 1,100
(#lane-mile)
1o (years)
i Tear of Action 0 20 25 45 50
New/ CAPM Eehab RAC CAPM Eehab FAC
Activity Description
RAC 20 Reconstret RAC (20 yr) RAC (20 31}
Actvity Anmal Mamnt. Cost
Service Life | ($/lane-mile) over 20 2,100 5 1,100 20 3,100 5 1,100 20 3,100
(years) | Actwity Service Life
Year of Action 0 20 28 38 47
New /[ CAPM CAPM CAPM Lane Replace
Activity Description
3 Reconstret RAC RAC RAC (20 vr)
Actvity Annual Maint. Cost
Service Life [ ($lane-mile) over 20 2,100 9 3,100 9 6,700 9 6,700 20 3,100
(years) | Activity Service Life
CAFM
Tear of Action 0 5 15
CAFM Rehab RAC CAPM
Activity Description
13 RAC (10yr) RAC
! Actvity Anmal Mamnt. Cost
Service Life | ($/ane-mile) over 5 1,100 10 2,700 5 1,100
RAC 5 (years) | Actwity Service Life
Year of Action 0 il 8
CAFM CAPM CAPM
Activity Description
3 RAC EAC RAC
Actvity Annual Maint. Cost
Service Life | ($/ane-mile) over 9 3,100 9 6,700 9 6,700
(years) | Activity Service Life
Rehabhilitation
Tear of Action 0 10 15 25 30 40 45
Rehah RAC CAPM Rehab FAC CAPM Rehab RAC CAPM Rehab FAC
Activity Description
10 122 (10 yr) RAC (10 1) RAC (10 yr) RAC (10 1)
Actvity Anmal Mamnt. Cost
Service Life | ($ane-mile) over | 10 2,700 5 1,100 10 6,000 5 1,100 10 6,100 5 1,100 10 6,000
(years) | Actwity Service Life
Year of Action 0 20 23 43 50
Rehah RAC CAPM Rehab RAC CAPM Eehab RAC
Activity Description
RAC (20 y1) RAC (20 yr) RAC (20 3r)
Actvity Annual Maint. Cost
Service Life | ($/lane-mile) over 20 3,100 5 1,100 20 3,100 5 1,100 20 3,100
20 123 (years) | Activity Service Life
Tear of Action 0
Activity Description R Wew !
— . econstret Select a RAC schedule for New Construction/Reconstruction from this M&R schedule.
Activity | Anmal Maint. Cost
Service Life | (Blane-mile) over
[gears Actvity Sernce Tife
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TABLE R-1
Inland Valley, Dessert, Low Mountain, South Mountain, and all Coastal Climate Regions
RIGID AND COMPOSITE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Pwmt | Maint. .
F‘“l;’a"emﬂt Dudea | Sumiz Year BECE"D A;:T“" 5 10 15 20 25 30 35 40 45 50 55
gge Life | Tevel onstmeton
New Construction’/Reconstruction
Tear of Action Q 30 38 45 .
Select a lane replace option
Activity Description New/ CAPM CAPM Lane Replace listed under the rigid and
20 123 Reconstret (FO+ JPCF SR) (FO+ JPCP SE) composite pavement M&R
Acﬁwtyf Awal Maint. Cost | 4100 . 00 ; 200 table and follow the strategy
55?"“ I;‘ ®l (Blane-mile) : sequence
L=V
Composte Tear of Action o 50
N . New/ CAPM
Activity Description
40 123 Reconstret (FO+ JPCF SE)
Activity
Annual M o}
Service Life | T Ak CO%F 50 g 500 8 700
($ilane-mile)
(years)
T f At Q 25 30 40 45 P .
far ot seted Select a rehabilitation option
CAPM CAPM CAPM : .
Activity Description New/ . 1 . Roadway Rehab listed under the rigid and
20 1,23 Reconstrct (CPRCYH (CPRE) (CPR &) composite pavement M&R
Activity table and follow the strate;
Ammual Maint. C gy
Rigid - Jounted Service Life | o Laatt LOSE o 700 5 3000 | 10 1,500 5 3,100 sequence
Plain Concrete (years) (llane-raile)
FPavement Year of Action 4] 45 50
(JPCP) New / CAPM CAPM
Activity Description 3 2
40 1.2,3 Reconstret (CPRCY) (CPRBY)
Activity
Annual Maint. C
Service Lifi | A Mank Sost {1 g 300 5 3000 |10 | 1500
($/lane-mile)
(years)
Year of Action [ 30 35 45
New | CAPM CAPM CAPM
Activity Description 5 5 7
50 123 Reconstret (PR CH (FR BY (FR A7)
Rigid - Activity
Continuously Service Life | *SMa AR Cost [ 200 5 1400 | 10 500 10 600
Remforced (years) (Bflane-mile)
Concrete Tear of Action 0 50
Pavement PR o New/ CAPM
(CRCP) a0 | 123 chty Desenphon Reconstret (PR CH
Activty
Service Life | *ual Maint Cost | 5 200 5 1400
($/lane-mile)
(years)
FO = Flexible Overlay SR = Slab Replacement M&R = Mill and Replace CPR. = Cencrete Pavement Rehab PR = Punchout Rehab
MNotes:
1. Concrete Pavement Rehabilitation A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs that were replace or exhibit third stage Rigid Cracking
greater than or equal to 5% and less than or equal to 7%. For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.
2. Concrete Pavement Rehabilitation B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Crj
between 2 and 5%.
3. Concrete Pavement Rehabilitation C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Crackil
2% orless.
4. The schedule for this strategy is based on pavement that has previously been cracked seated and overlayed. It should not be used as an alternative on rigid TPCP pavements with cracking or faulting near or above the threshold
for roadway rehabilitation.
5. Punchout Repair A involves significant punchout repairs and 0.15" of flexible overlay. It applies to continuousty reinforced concrete pavements that had previous punchout repairs and a flexible overlay.
6. Punchout Repair B involves moderate punchout repairs and 0.15' of flexible overlay. It applies to continuously reinforced concrete pavements where the total number of current and previous punchout repairs exceed 4 per mile.
7. Punchout Repair B involves minor punchout repairs and limited diamond grinding around the punchout repair area. It applies to continuously reinforced concrete pavements where the total number of punchout repairs do not exceed 4 per mile.
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TABLE R-1

Inland Valley, Dessert, Low NMountain, South Mountain, and all Coastal Climate Regions
RIGID AND COMPOSITE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

2% or less.

4. The schedule for this strategy is based on pavement that has previously been cracked seated and overlayed.

for roadway rehabilitation

o .| Pemt | Maint
o TEVE“‘E“ Design | Service Year ] 5 10 15 20 25 20 35 40 45 50 55
7Pe Life Level
CAPM
Year of Action o 10 15 20
Cone Bohab Activity Description AP Cone P:;c Rehab Conc P:x; Rehab Eonduray Eehab®
ol 10 1,2,3 Follow the strategy listed in this table for the Roadway
Awctivity | annual Maint. Cost Rehabilitation Option selected
Service Life [ ($/lane-mile) over 10 2,098 5 4135 5 4,135
(years) | sctivity Service Life
o £ At o . - - . - o . -
oy of Aeten The maintenance and rehabilitation schedules depend on the previous history and condition of the existing pavement. To determine the appropriate M&R schedule to
Activity Description CAPM use, first determine the the initial pavement type and the original rehabilitation completed. Next, determined any other rehabilitations and/or CAPM projects completed
5 1.2.3 (Flex Overlay) after the initial rehabilitation. Ignore projects that only removed and replaced RAC-G or RAC-O. Finally, find a schedule on the rehabilitation M&R table that best
Activity Annual Maint, Cost describes the original rehabilitation completed and that sequence. However, from the pavement history, take into consideration the activities already completed in that
Sexgvle‘:;sl;lfe (Sane_mmile) sequense.
Composite Fear of Action o
EXANMPLE: You are doing a Flexible Overlay and JPCP Slab Replacement on a previously crack, seated, and overlayed project {doesn't matter whether it was 10 or 20 vear). Previous work
Activity Description CAPM included a remove and replace RAC-0O 7 years after the crack, seat, and flex overlay (CSOFL) rehabilitation, and a 0.10' HWA overlay at 18 years after the CSFOL project. From this information
E 1,23 FO + JPCF SR) | jt can be determine that the initial pavement type was rigid and that the original rehabilitation completed was a CSFOL. If the RAC-O project at vear 7is ignored, it can be determine that the best
Pictivity ol Daint. Crost fit for this sequense is the 20-year CSFOL The 0.10' HM&A overlay at 18 years after the completion of the CSFOL is the first CAPK under this sequence and the future activities will include a
Service Life (Slanc mile) CAPM (FO + JPCP SR) at Year 23 and and a 20-year rehab at Year 28. Remember to follow the sequence until you fullfill the analysis period
(years) ane-rie
Tear of Action 3] 5
Activity Description (‘;::: r, Roadway Rehab
B 1.2,3 « > Select a rehabilitation option listed under the rigid and composite pavement M&R table and follow the strategy sequence
_Ectivity
Annual Maint. C
Service Life al boaint Cost | 5 3,100
Cyearsy ($/lane-mile)
Tear of Action o 10 15
Rigid - Jointed CAPM CAPN
P e Activity Description Pt 8 Roadway Fehab
10 1.2.3 ¢ 4 (CPR AD Select a rehabilitation option listed under the rigid and composite pavement M&R table and follow the strategy sequence
Pavement
Activity
UPCE) Service Life ‘”"“;‘11 Ma‘:l Cost | g ‘ 1,500 5 3,100
(vears) (Blane-raile)
Year of Action o 5
CAPM CAPM
Activity Description a 2
5 123 (CPR C%) (CPR BY)
_Ectivity
Service Life | SR Maint. Cost |- 5 3,000 10 1,500
($/lane-mile)
(years)
Tear of Action 0 10
ettty Descipeion capm Lane Replace win
5 1.2.3 ® ) CRCP Select a lane replace option listed under the rigid and composite pavement M&R table and follow the strategy sequence
s A‘:“"‘E’f Annual Maine. Cost | o 00
E?";:rs)‘ = ($ane-mile)
Rigic - Tear of Action o
Continuously CAPM
Reinforced 10 123 Astivity Description (PR B
Concrete o e
Pavernent o e | Antwal Maint. Cost [ 00
(CRCP) erviee Lite ($/lane-rmile)
(years)
Tear of Action o 5
CAPM
Activity Description caPM p
10 12,3 PR (PR B%)
_Ectivity
Service Life | 72U Mant Cost |- g 1.400 10 600
($/lane-mile)
(years)
FO = Flexible Overlay SR = Slab Replacement M&R = Mill and Replace CPR = Concrets Pavement Rehab PR = Punchout Rehab
Motes:

1. Concrete Pavement Rehabilitation A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs that were replace or exhibit third stage Rigid Cracking
greater than or equal to 5% and less than or equal to 7%. For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.

2. Concrete Pavement Rehabilitation B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Crj
between 2 and 5%.

3. Concrete Pavement Rehabkilitation C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total numbker of slabks in the lane that were replace or exhibit third stage Rigid Crackil

It should not be used as an alternative on rigid JPCP pavements with cracking or faulting near or above the threshold

5. Punchout Repair A involves significant punchout repairs and 0.15" of flexible overlay. It applies to continuousty reinforced concrete pavements that had previous punchout repairs and a flexible overlay.
6. Punchout Repair B involves moderate punchout repairs and 0.15" of flexible overlay. It applies to continuously reinforced concrete pavements where the total number of current and previous punchout repairs exceed 4 per mile.

7. Punchout Repair B involves minor punchout repairs and limited diamond grinding around the punchout repair area. It applies to continuously reinforced concrete pavements where the total number of punchout repairs do not exceed 4 per mile.
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TABLE R-1
Inland Valley, Dessert, Low Mountain, South Mountain, and all Coastal Climate Regions
RIGID AND COMPOSITE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

o .| Pomt | Mant
A PAEMEY | Design | Service Fear 0 5 10 15 20 25 30 35 40 45 50 55
Tyee Life | Lewel
Rehabilitation (a)
Year of Action 0 B 14 19 28 33 40
Activity Deseription 10-yr Rehah CAPM CAPM 10-yr Rehab CAPM CAPM Lane Replace Select a lane replace option
10 123 (CSFOL) (Flex Overlay) (FO + JPCP SR) QISRO) (FO + JPCP SR) (FO + JPCP SR) listed under the rehabilitation
ACHVILY A table and follow the strategy
Service Life (;jllMa‘:; ?"St 9 200 5 1,100 5 1,100 9 200 5 1,100 7 200
(ycars) ane-mie
Tear of Action 9 18 23 28 46 51
20-yr Rehah CAPM CAPM 20-yr Rehab CAPM CAPM
Activity Description
20 123 (CSFOL) (Flex Overlay) FO+IPCP ZR) QLSROY (FO+IPCP ZR) | (FO+IPCP 3R}
Activity
Services Lifs ‘”"’(‘;ZIME":; ?"“ 18 1,400 5 1,100 5 1,100 18 1,400 5 1,100 7 500
treare) neTmE
Year of Action i B 14 21
Activity Description O hghost hghost Lans Replace Select a lane replace option listed under the rigid and composite pavement M&R table and
10 123 (MSROQ) (FO+IPCP SR) | (FO+IJPCP SR) P P g P p
= follow the strategy sequence
' | Annual Maint. Cost
Service Life 9 900 5 1,100 7 800
tyears) (Blane-mile)
Year of Action i 18 23 30
1 Activity Description 20-yr Rehab CAPM CAPM Lane Replace o i . :
exible/ 20 1o3 (MSRO) (FO+ITPCP SR} | (FO + IPCP SR) Select a lane replace option listed under the rigid and composite pavement
composite = = M&R table and follow the strategy sequence
al Baint. C
Service Life (;nm::;e) iz | a0 5 1,100 7 200 ‘
(years) -
Tear of Action 0
20 Activity Description Lane Replace
& 1.2.3 Follow the stragies for new construction/reconstruction in the applicable flexible pavement tables for the appropriate climate region
40 SAE“"“LVE Annual Mains. Cost
ervice Life
tyoars) (Fane-mile)
Year of Action i 30 38 45 .
Select a lane replace option
Activity Description 20 Rehab CAPM CAPM Lane Replace listed under the rigid and
20 12,3 (Lane Replace) (FO+JPCP SR) (FO+JPCP SR) composite pavermnent M&R
Activity table and follow the strategy
Annual Maint. Cost
Se?nce I;lfe (Slane mile) 30 4,100 2 700 7 200 ‘ sequence
cars
Year of Action Q 30
40-yr Rehab CAPM
o Los Activity Description (Lare Reploce) (FO+ TPCT SR
A ctivity .
Service Life | el Maint. Cozt |5, 4,300 E 700
roars) (Flane-roils)
FO = Flexible Overlay SR = Slab Replacement MSRO = Mil, Slab Replace & Overlay CPR = Concrete Pavement Rehab PR = Punchout Rehab
Notes:
1. Concrete Pavement Rehabilitation A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs that were replace or exhibit third stage Rigid Cracking
greater than or equal to 5% and less than or equal to 7%. For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.
2. Concrete Pavement Rehabilitation B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid CH
between 2 and 5%.
3. Concrete Pavement Rehabilitation C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Cracki
2% or less.
4. The schedule for this strategy is based on pavement that has previously been cracked seated and overlayed. It should not be used as an alternative on rigid TP CP pavements with cracking or faulting near or above the threshold

for roadway rehabilitation,

. Punchout Repair A involves significant punchout repairs and 0.15' of flexible overlay. It applies to continuously reinforced concrete pavements that had previous punchout repairs and a flexible overlay.

. Punchout Repair B involves moderate punchout repairs and 0.15" of flexible overlay. It applies to continuously reinforced concrete pavements where the total number of current and previous punchout repairs exceed 4 per mile.

. Punchout Repair B involves minor punchout repairs and limited diamond grinding around the punchout repair area. It applies to continuously reinforced concrete pavements where the total number of punchout repairs do not exceed 4 per mile.
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TABLE R-1
Inland Valley, Dessert, Low Mountain, South Mountain, and all Coastal Climate Regions
RIGID AND COMPOSITE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Finl P . Pvmt | Mamt
= Ta"m" Wi | e Year 0 5 10 15 20 25 30 35 40 43 50 55
pe Life Level
Rehabilitation (b)
T f Actl 0 25 30 40 45 I .
soans Select a rehabilitation option
Activity Description ZHVFEM(LW CAPME CAFM} CAPMI Roadway Rehab listed undler the rigid and
iy .
20 | 123 R (EPRCY (i (CPRA) composite pavement M&R
Activity table and follow the strategy
g Annual Maint. Cost
Bigid - Jointed Service Life | e oo 25| 700 5| 300 | 10] 1500 5| 310 N ——
Plain Concrete (vears) (Blane-mile)
Pavement Year of Action 0 45 50
UECE) CAPM CAPM
. 40-yr Rehab
Activity Dy i
40 123 ey Desenphion (Lane Replacement) (CPRCH (CPR B
Actvity
Anral Maint. Cost
Service Life | e o 0045 | @00 s | 300 |10 1500
(years) ($/lane-mile)
Tear of Acticn 0 30 35 45
20.yr Relab CAPM CAPM CAPM
Activity Dy i
20 121 sty Description (Lane Replacemeni) PR %) (FR.E%) (PR A7)
Rigd - Actvity
Anmal Mant, Cost
Confimuously Service Life ; A 50 | 200 s | 1400 | 10| 600 0] &m0
Reinforced (years) ($lane-mile)
Concrete Year of Action 0 50
FPavement
407 Rehab CAPM
Activity Descriptis
(CRCP) 2 195 ctivty Description (Lane Replacemeni) (PR Cj)
Activity
Anmal Mant, Cost
Service Life | e o O sy | agp 5| 1400
(gears) ($/lane-mile)
FO =Flexble Overlay SR = Slab Replacement M&R = Mill and Replace CPR = Concrete Pavement Rehab PE = Punchout Rehab
MNotes

1. Concrete Pavermnent Rehabilitation A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs that were replace or exhibit third stage Rigid Cracking
greater than or equal to 5% and less than or equal to 7%. For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.

2. Concrete Pavement Rehabilitation B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair. It is for JPECP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Cr,
between 2 and 5%.
3. Concrete Pavement Rehabilitation C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Cracki

2% or less.

4. The schedule for this strategy is based on pavement that has previousty been cracked seated and overlayed. It should not be used as an alternative on rigid TPCP pavements with cracking or faulting near or above the threshold
for roadway rehabilitation

5. Punchout Repair A involves significant punchout repairs and 0.15' of flexible overlay. It applies to continuousty reinforced concrete pavements that had previous punchout repairs and a flexible overlay.

6. Punchout Repair B involves moderate punchout repairs and 0.15' of flexible overlay. It applies to continuously reinforced concrete pavements where the total number of current and previous punchout repairs exceed 4 per mile.

7. Punchout Repair B involves minor punchout repairs and limited diamond grinding around the punchout repair area. It applies to continuously reinforced concrete pavements where the total number of punchout repairs do not exceed 4 per mile.
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TABLE R-2

High Mountain and High Desert Climate Regions
RIGID AND COMPOSITE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Pumt | Maint . .
Fm{fa"mem Dl || S Tear BE(E;‘" A::z’zz‘“"e 5 10 15 20 25 30 35 40 45 50 55
e Life Level onstuhon
New Construction/Reconstruction
Year of Action 0 30 40 45 i
Select a lane replace option
New CAPM CAPM O ; o
Activity Description R e O JPCP SE 0P SR(F Lane Replace listed under the ”gld and
20 | 123 econstret @ ) ) composite pavement M&R
Aty [ e Cost table and follow the strategy
Zervice Life (Blane-maile) 30 7,300 10 5,900 ] 1,100 sequence
Compaosite (years) -
Tear of Action 0 50
Activity Description Bew!/ AT
40 123 Reconstrct (FO+JECE 5R)
Actvity .
Annual Maint. Cost
Service Life ($fene-raile) 50 8,400 3 0
(years)
Year of Action 0 25 30 40 45 o i
Select a rehabilitation option
New/ CAPM CAPM CAPM : f ot
Activity Description R o 5 2 L Roadway Rehab listed u.nder the rigid and
| 123 econstret [EPRCY (CPREY) (CPR AT composite pavement M&R
Activity table and follow the strategy
. . Annual Maint. Cost
Figid - Joiated Service Life (‘;ﬂ a:ﬂ )ns 25 | 3,100 3000 | 10| 1500 5| 3100 sequence
Flam Concrete (years) ane-oie,
Pavement Tear of Action 0 45 50
(TPCE)
New/ CAPM CAPM
Actvity Description 3 2
40 1923 Reconstrct (CPRC?) (CPRE%)
Actwvity .
Annual Maint. Cost
Service Life (l;ﬂanez:ile) a5 | 3800 5 zo00 | 5| 1500
(years)
FO =Flexble Overlay SR = Slab Replacement M&R =Mill and Replace CFR = Concrete Pavement Rehab
Metes

1. Concrete Pavement Rehabilitation A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs that were replace or exhibit third stage Rigid Cracking
greater than or equal to 5% and less than or equal to 7%. For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.

2. Concrete Pavement Rehabilitation B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Cral

between 2 and 5%.

3. Concrete Pavement Rehabilitation C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Crackin

2% or less.

-1 O th 4

. Punchout Repair A involves significant punchout repairs and 0.15' of flexible overlay. It applies to continuously reinforced concrete pavements that had previous punchout repairs and a flexible overlay.

. The schedule for this strategy is based on pavement that has previously been cracked seated and overlayed. It should not be used as an altemative on rigid TPCP pavements with cracking or faulting near or above the threshold for roadway rehabilitation.

. Punchout Repair B involves moderate punchout repairs and 0.15' of flexible overlay. It applies to continuousty reinforced concrete pavements where the total number of current and previous punchout repairs exceed 4 per mile.

. Punchout Repair B involves minor punchout repairs and limited diamond grinding around the punchout repair area. It applies to continuously reinforced concrete pavements where the total number of punchout repairs do not exceed 4 per mile.
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TABLE R-2
High Mountain and High Desert Climate Regions

RIGID AND COMPOSITE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Final P Pumt | Maint
o Ta"mmt Design | Service Tear 0 5 10 15 20 25 30 35 40 45 50 55
B Life Level
CAPM
Year of Action 0 10 10 15 15 20
Activity Description CADM Conc Pvmt Eehab | Conc Pvmt Rehab | Conc Pvmt Rehab | Conc Pvmt Rehab Roadway Rehab?
Conc Rehab #1'| 10 1.2,3 #2 #2 #3 #3 Follo
Luctivity Annual Maint. Cost
Service Life | ($flane-mile) over | 10 2,098 5 4135 5 4135 5 4,135 5 4,135
(years) A ctivity Service Life
Year of Action 0 . o . . . L . .
The maintenance and rehabilitation schedules depend on the previous history and condition of the existing pavement. To determine the appropriate M&R schedule to
Activity Description CAPM (Flex use, first determine the the initial pavement type and the original rehabilitation completed. Next, determined any other rehabilitations andfor CAPM projects completed
3 123 Overlay) after the initial rehabilitation. Ignore projects that only removed and replaced RAC-G or RAC-0O. Finally, find a schedule on the rehabilitation M&R table that best
Aty [ Mt Cost describes the original rehabilitation completed and that sequence. However, from the pavement history, take into consideration the activities already completed in that
Service Life ($lanemils) 5 sequense.
Composite (ysars) -
Tear of Action 0
EXAMPLE: You are doing a Flexible Overlay and JPCP Slab Replacement on a previously crack, seated, and averlayed project (doesn't matter whether it was 10 or 20 year). Previous wark
Activity Description CAFM included a remove and replace RAC-0O 7 years after the crack, seat, and flex overlay (CSOFL) rehabilitation, and a 0.10' HMA overlay at 18 years after the CSFOL project. From this information
5 1,23 (FO +JPCE SR |t can be deterrmine that the initial pavement type was rigid and that the original rehabilitation completed was a CSFOL. If the RAC-O project at year 7is ignored, it can be determine that the best
Actvity - fit for this sequense is the 20-year CSFOL The 0.10" HMA overlay at 18 years after the completion of the CSFOL is the first CAPWM under this sequence and the future activities will include a
Service Life A"““;l Ma‘;; Cost CAPM (FO + JPCP SR} at Year 23 and and a 20-year rehab at Year 28. Remember to follow the sequence until you fullfil the analysis period
fyeas) (3flane-mie)
Tear of Action 0 5
Activity Description CAPMI Roadway Rehab
5 1.2,3 (CPR A Select a rehabilitation option listed under the rigid and composite pavement M&R table and follow the strategy sequence
Activity .
Antmal Maint. Cost
Service Lafe ($lane-mils) 5 5,100
(years)
Year of Action 0 10 15
d - Jointed CAPM
;\i Cloncrete Activity Description CAPM, 1 Roadway Rehab
e 0| 123 (CPRE) (EPR &) Select a rehabilitation option listed under the rigid and composite pavernent M&R table and follow the strategy sequence
TPCP Activity .
R Service Life | 47 MA Sest {0 Sy 5 3,100
($flane-mile)
(years)
Year of Action a 5 15 20
CAPM CAPM CAFM
5 Lo #ctivity Description (CPRCY (CPR BY (PR AY Roadway Rehab Select a rehabilitation option listed under the rigid and composite pavernent M&R table and follow the
o = strategy sequence
chivity
Service Life | R0 Maist Cost | 3,000 5 1,500 5 4,393
($/lane-mile)
(vearg)
FO = Flexble Ovetlay SE = Slab Replacement MER = Mill and Eeplace CPR. = Concrete Pavement Rehab
Notes

1. Concrete Pavement Rehabilitation A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs that were replace or exhibit third stage Rigid Cracking
greater than or equal to 5% and less than or equal to 7%. For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.

2. Concrete Pavement Rehabilitation B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Crd
between 2 and 5%.

3. Concrete Pavement Rehabilitation C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Crackin
2% or less.

-1 o th &

. The schedule for this strategy is based on pavement that has previously been cracked seated and overlayed. It should not be used as an alternative on rigid TPCP pavements with cracking or faulting near or above the threshold for roadway rehabilitation.
. Punchout Repair A involves significant punchout repairs and 0.15' of flexible overlay. It applies to continuously reinforced concrete pavements that had previous punchout repairs and a flexible overlay.
. Punchout Repair B involves moderate punchout repairs and 0.15' of flexible overlay. It applies to continuously reinforced concrete pavements where the total number of current and previous punchout repairs exceed 4 per mile.

. Punchout Repair B involves minor punchout repairs and limited diamond grinding around the punchout repair area. It applies to continuously reinforced concrete pavements where the total number of punchout repairs do not exceed 4 per mile.
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TABLE R-2
High Mountain and High Desert Climate Regions

RIGID AND COMPOSITE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

S Pymt | Daint.
. Ta"mm‘ Design | Service YTear o 5 10 15 20 25 30 35 40 45 50 55
B Life | Level
Rehabilitation (a)
Year of Action 9 Bl 14 19 28 33 40
10-yr Rehah CAPM CAPM 10-yr Rehab CAPM CAPM Select a lane replace option listed under the
Activity Description Lane Replace P P
10 123 (CSFOL) EO) (FO +IPCP SF) QMSRO} FO+IPCP SRy | (FO+JPCP SK) rigid and composite pavement M&R table
A ctivity wal Maint. Clost and follow the strategy sequence
Service Life ($lane.mile) 9 6400 5 1,100 5 1,100 9 900 5 1,100 7 900
(vears)
Year of Action 0 18 23 28 46 51
ctivity Deseription 20-yr Rehah CAPM CAPM 20-yr Rehab CAPM CAPM
20 123 v ® (CSFOL) (Flex Overlay) (FO +JPCE SK) @ISRO) (FO+IPCE SR) | (FO+JPCP SR)
Actiwity .
Annual Maint. Cost
Service Life (‘;ﬂm:‘:ﬂ&) Bl IRt 6,300 5 1,100 5 ‘ 1,100 18 6,300 5 1,100 7 ‘ 900
(years)
Year of Action [} B 14 21
10-yr Rehab CAPM CAPM o . .
10 123 Activity Deseription (MSRO) (FO +IPCP SE) | (FO +IPCP SR) Lane Replace Select a lane replace option listed under the rigid and composite pavement M&R table and
: - follow the strategy sequence
ctivity
Service Life ‘“m(';;laz’[:::ls“t ] 900 5 1,100 7 ‘ 900 ‘
(vears)
Year of Action 0 18 23 30
20-yr Rehab CAPM CAPM L . i
Flesiblef 20 Laa Activity Deseription (MSRO) FO+IPCP SR) | FO +TPCP SRy | e RePlace | Select a lane replace option listed under the rigid and composite pavement
Composite : M&R table and follow the strategy sequence
AU | g inval Maint, Cost
Service Life (Hlanemile) 18 £,300 5 1,100 7 200
(years)
Year of Action 0
20 A ctivity Description Lane Replace
& 1,2,3 Follow the stragies for new construction/reconstruction in the applicable flexible pavement tables for the appropriate climate region
40
5 A““""}i’f Annual Maint. Cost
ervice Life ($lane.mile)
{vears)
Year of Action 0 30 40 45 i
Select a lane replace option
3 CAPM CAPM i iqi
Activity Description ami“R";Rh‘;‘:m‘) O TPCP SR Ot TPCP SR Lane Replace listed under the rigid and
20 1,23 & ) & ) composite pavement M&R
A ctivity sl Maint. Cost table and follow the strategy
Service Life ($lane.rnile) 30 7,300 10 5.200 5 1,100 sequence
(years)
Vear of Action 0 50
. 40-yr Rehah CATNM
40 Loz Activity Description (Lane Replacementy (FO+TPCP SR
Actiity | Annwal Maint. Cost
Service Life | ($/lane-mile) over | 50 2,400 5 1,100
(years) | Activity Service Life
FO = Flexible Overlay SR = Slab Replacement MIRO =Mill, Slab Replace & Overlay CPR. = Concrete Pavement Rehab
MNotes:

1. Concrete Pavement Rehabilitation A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs that were replace or exhibit third stage Rigid Cracking

greater than or equal to 5% and less than or equal to 7%. For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.

2. Concrete Pavement Rehabilitation B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Cr4

between 2 and 5%.

3. Concrete Pavement Rehabilitation C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Crackin|

2% or less.

TS

. Punchout Repair A involves significant punchout repairs and 0.15" of flexible overlay. It applies to continuously reinforced concrete pavements that had previous punchout repairs and a flexible overlay.

. Punchout Repair B involves moderate punchout repairs and 0.15" of flexible overlay. It applies to continuously reinforced concrete pavements where the total number of current and previous punchout repairs exceed 4 per mile.

. Punchout Repair B involves minor punchout repairs and limited diamond grinding around the punchout repair area. It applies to continuously reinforced concrete pavements where the total number of punchout repairs do not exceed 4 per mile.

. The schedule for this strategy is based on pavement that has previously been cracked seated and overlayed. It should not be used as an alternative on rigid TPCP pavements with cracking or faulting near or above the threshold for roadway rehabilitation.
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TABLE R-2
High Mountain and High Desert Climate Regions
RIGID AND COMPOSITE PAVEMENT MAINTENANCE AND REHABILITATION SCHEDULE

Fial? Pymt | Mamt
= Ta"emm B | Bee Vear 0 5 10 15 20 2 0 35 40 45 50 55
e Life | Level
Rehahilitation (b)
Year of Action 0 25 30 40 45 o .
Select a rehabilitation option
. CAPM CAPM CAPM ; -
Activity Degeription ('LuiuRy:pRhT::;m) 5 p " Roadway Rehab listed under the I'Igld and
0 | 123 (CPRC) (CPRE) (CPRA) composite pavement M&R
Activity . table and follow the strategy
. . Leal Maint, Cost
N Service Life u am. » X , E X Sequence
Rigd - Jonted i 25| 3100 S0 3000 |10 1500 51 5100
($ane-oile)
Plain Concrete (vears)
Pavement Year of Action 0 45 50
TECP
e Activity Deseription #0-yrRehah CATH cant
0 | 123 ty Descnp (Laxe Replacemend) CFR ) {CPREY
Aty .
Lenrmyal Maint, Cost
Serice Life | o L5 | 3000 50 2000 | 10| 1500
($ane-roile)
(vears)
FO =Flewble Overlay 38 = Slab Replacement WM& = Will and Replace CPR = Concrete Pavement Rehab
MNotes

1. Concrete Pavement Rehabilitation A involves pavement grinding, significant slab replacement, spall repair, & joint seal repair. It is for JPCP projects with a total number of slabs that were replace or exhibit third stage Rigid Cracking
greater than or equal to 5% and less than or equal to 7%. For greater than 7%, the project should be scoped and analyzed as a roadway rehabilitation project.

2. Concrete Pavement Rehabilitation B involves pavement grinding, moderate slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Cra|
between 2 and 5%.

3. Concrete Pavement Rehabilitation C involves pavement grinding, minor slab replacement, spall repair, & joint seal repair. Itis for JPCP projects with a total number of slabs in the lane that were replace or exhibit third stage Rigid Crackin
2% or less.

4. The schedule for this strategy is based on pavement that has previously been cracked seated and overlayed. It should not be used as an alternative on rigid TPCP pavements with cracking or favlting near or above the threshold for roadway rehabilitation.
5. Punchout Repair A involves significant punchout repairs and 0.15" of flexible overlay. It applies to continuously reinforced concrete pavements that had previous punchout repairs and a flexible overlay.
6. Punchout Repair B involves moderate punchout repairs and 0.15' of flexible overlay. It applies to continuously reinforced concrete pavements where the total number of current and previous punchout repairs exceed 4 per mile.

7. Punchout Repair B involves minor punchout repairs and limited diamond grinding around the punchout repair area. It applies to continuously reinforced concrete pavements where the total number of punchout repairs do not exceed 4 per mile.
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APPENDIX 5: TRAFFIC INPUTS ESTIMATION

A. Free Flow Capacity

The alternate procedure for estimating the “Free Flow Capacity (vphpl)” is as follows:

(Assume standard lane and shoulder widths)

Select a passenger car equivalent factor, E (passenger cars/heavy vehicle), corresponding to the

project terrain from Table 15:

Table 15. Passenger Car Equivalent Factors

Type of Terrain

Level Rolling Mountainous
E 15 2.5 45

Use Equation A5-1 to calculate “Free Flow Capacity” in terms of vphpl (vehicles per hour per

lane):

~ F %100
~ [(100 + P x (E —1)]

(Equation A5-1)

where
FC = Free Flow Capacity (vphpl)
F = roadway capacity (passenger car per hour per lane)
= 1,700 pcphpl for two-lane highways
= 2,300 pcphpl for multi-lane highways
P = percentage of heavy vehicles (i.e., “Total Trucks %’ at the project location)

E= passenger car equivalent (passenger cars/heavy vehicle)
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B. Queue Dissipation Capacity

The procedure for estimating the “Queue Dissipation Capacity (vphpl)” is as follows:
(Assume standard lane and shoulder widths)

Select a passenger car equivalent factor, E (passenger cars/heavy vehicle), corresponding to the

project terrain from Table 15;

Use Equation A5-2 to calculate “Queue Dissipation Capacity” in terms of vphpl (vehicles per

hour per lane):

B Qx100
" [(100 + P x (E —1)]

QC (Equation A5-2)

Where:
QC = Queue Dissipation Capacity (vphpl)
Q = base capacity (passenger car per hour per lane)
= 1,800 pcphpl for both single-lane and multi-lane highways
P = percentage of heavy vehicles (i.e., “Total Trucks %’ at the project location)

E= passenger car equivalent (passenger cars/heavy vehicle)

C. Maximum AADT (total for both directions)

The procedure for estimating the “Maximum AADT (total for both directions)” is as follows:

Select a passenger car equivalent factor, E (passenger cars/heavy vehicle), corresponding to the

project terrain from Table 15;
Use Equation A5-3 to calculate “Maximum AADT (total for both directions):”

M x N x100

AADT, =
[(L00+ P x (E —1)]

(Equation A5-3)

Where:
AADT e = Maximum AADT (total for both directions)

M = 43,000 for two-lane highways or 57,000 for multi-lane highways
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N = number of lanes (total for both directions)
P = percentage of heavy vehicles (i.e., “Total Trucks % at the project location)
E = passenger car equivalent (passenger cars/heavy vehicle)

D. Work Zone Capacity

The procedure for estimating the “Work Zone Capacity (vphpl)” is as follows:

(Assume standard lane and shoulder widths)

Select a passenger car equivalent factor, E (passenger cars/heavy vehicle), corresponding to the

project terrain from Table 15.

Use Equation A5-4 to calculate “Work Zone Capacity’ in terms of vphpl (vehicles per hour per

lane):

B W %100
" [(100 + P x (E —1)]

(Equation A5-4)

where
WC = Work Zone Capacity (vphpl)
W = base work zone capacity (passenger car per hour per lane)
W = 1,100 pcphpl for two-lane highways
= 1,600 pcphpl for multi-lane highways
P = percentage of heavy vehicles (i.e., “Total Trucks %’ at the project location)

E= passenger car equivalent (passenger cars/heavy vehicle).

E. Maximum Queue Length Estimation

The maximum number of queued vehicles during the time the work zone is in effect is estimated
by using the traffic demand-capacity model, as shown in Figure A5-1. When demand exceeds
capacity, the queue starts to build up. The maximum number of queued vehicles is measured

where the difference between the demand curve and the capacity curve is the greatest. Then the
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maximum queue length can be obtained by multiplying the maximum number of queued vehicles

by the average vehicle length (i.e., 40 feet).

CAPACITY
—
5 = HEMA
£ e 2 =" "TDEMAND
= -
2 Max. # of veh. queued e
qa \L;
c .
& -
- /
Z
0 -
=
E /
E
] -
e
~
— -’.
Time of Day

Figure A5-1. Traffic Demand-Capacity Model
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Table 16. Maximum Queue Length Estimation

Ha. of
Volume Capacity  Capacity  lanes Capacity  Queued
Hour Crph) (pephpl)  Cvphph  open (vpli veh

1 340 1,600 1,524 2 3,048 0
2 330 1,600 1,524 2 3,048 0
3 330 1,600 1,524 2 2,048 0
4 400 1,600 1,524 2 2,048 0
5 =00 1,600 1,524 2 3048 I
& 1,200 1,600 1,524 2 3,048 I
¥ 3,000 1,600 1,524 2 3,048 0
g 3,400 1,600 1,524 2 3,048 352
g 3,600 1,600 1,524 2 2,048 204
10 3,000 1,600 1,524 2 2,048 236
11 1,200 1,600 1,524 2 3,048 0
12 1,300 1,600 1,524 2 3,048 I
13 1,200 1,600 1,524 2 2048 0
14 1,000 1,600 1,524 2 2,048 0
15 1,200 1,600 1,524 2 2,048 0
16 1,200 1,600 1,524 2 3,048 I
17 3,400 1,600 1,524 2 3,048 352
18 3,650 1,600 1,524 2 2048 P54
13 2,400 1,600 1,524 2 2048 306
20 1,000 1,600 1,524 2 2,048 0
21 =00 1,600 1,524 2 2,048 0
22 Tal 1,600 1,524 2 3,048 0
43 300 1,600 1,524 2 3,048 0
24 300 1,600 1,524 2 2048 I
Mlax. gquened weh, Q54
Dlax. quened wveh on 3 lates 31z

&orerage vehicle length 40 f

Dlax . queue length 12,720 #

241 mi

As shown in Table 16, the queue starts at 8 AM when the traffic demand (3,400 vph) exceeds the
work zone capacity (3,048 vph) and dissipates at 11 AM when the sum of the hourly demand
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APPENDIX 6: ALTERNATE PROCEDURE FOR CALCULATING CONSTRUCTION

YEAR AADT

The following steps describe how to get a construction year AADT:

1)

2)

Go to the Division of Traffic Operations website

(http://www.dot.ca.qgov/ha/traffops/saferesr/trafdata/index.htm). Download the most

current year AADT data available (such as “2005AADT” in Excel file format). Find
“Back AADT” and “Ahead AADT” numbers at the project location and average those
two numbers to get the total AADT for both directions in the most current year.
Contact the Division of Traffic System Information for the “Annual Growth Rate of
Traffic” or AADT values (in the most current and future years) expected at the project
location. An approximate “Annual Growth Rate of Traffic” can be estimated with the

available AADT values using Equation 2 below:

1
A=[(%)(FY*MY) -1x100 (Equation A6-1)

where

A = Annual Growth Rate of Traffic

FT = Future Year AADT (total for both directions)

MT = Most Current Year AADT (total for both directions)
FY = Future Year in which AADT is available

MY = Most Current Year in which AADT is available.
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Use the following equation to calculate the AADT total for both directions in the initial

construction year or the beginning year of the analysis period:
| _AADT = MT x (1+%)('Y‘MY) (Equation A6-2)

Where:

I_AADT = Initial Construction Year AADT (total for both directions)

MT = Most Current Year AADT (total for both directions)

A = Annual Growth Rate of Traffic (%)

IY = Initial Construction Year (same as the first year of the analysis period)

MY = Most Current Year in which AADT is available.
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APPENDIX 7: WEEKEND TRAFFIC HOURLY DISTRIBUTION

Hour AADT Rural Inbound Outbound | AADT Urban Inbound Outbound
(%) Rural (%) Rural (%) (%) Urban (%) | Urban (%)
0-1 1.91 47.6 52.4 1.8 47.7 52.3
1-2 1.61 49,5 50.5 1.3 47.8 52.2
2-3 1.32 49.0 51.0 0.9 46.5 53.5
3-4 1.52 54.9 45.1 0.8 52.2 47.8
4-5 1.64 54.9 45.1 0.9 56.3 43.7
5-6 2.13 53.0 47.0 15 55.5 445
6-7 2.86 50.8 49.2 2.4 53.2 46.8
7-8 3.58 50.4 49.6 34 51.6 48.4
8-9 4.38 50.0 50.0 4.6 50.9 49.1
9-10 5.22 50.7 49.3 5.5 50.2 49.8
10-11 5.96 51.3 48.7 6.2 49.8 50.2
11-12 6.46 50.6 49.4 6.7 49.1 50.9
12-13 6.58 50.9 49.1 7.0 48.7 51.3
13-14 6.58 51.3 48.7 7.0 48.5 51.5
14-15 6.66 52.4 47.6 7.1 47.9 52.1
15-16 6.89 53.1 46.9 7.0 48.1 51.9
16 - 17 6.73 52.9 47.1 6.7 47.9 52.1
17-18 6.21 52.6 47 .4 6.3 48.4 51.6
18-19 5.54 51.5 48.5 5.7 48.4 51.6
19-20 4,77 50.7 49.3 5.0 48.9 51.1
20-21 4.02 51.4 48.6 4.2 48.8 51.2
21-22 3.28 51.4 48.6 3.5 49.5 50.5
22-23 2.60 50.7 49.3 2.7 49.6 50.4
23-24 1.54 48.6 51.4 1.6 49.8 50.2
100.0 100.0
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